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PREFACE. 


In  la3rmg  the  Mtowkig  paget  before  the  Fabliey  it  teams 

necessary  to  state  that  the  design  of  them  is  to  render  more  easily 
aoeeesible  a  gi^ter  degree  of  knowledge  of  the  general  principles 
ef  Fhynos  and  Meteovology  than  k  naually  to  be  obtained, 
without  the  sacrifice  of  a  greater  amount  of  time  and  labour  than 
most  persons  can  afford  or  are  willing  to  make.  The  subjects 
of  which  this  ▼ohime  tnata  are  very  nmnewma  more  nmnerooa, 
in  fiiety  than  at  tint  n^it  it  wonM  seem  possible  to  embrace  in 
so  small  a  compass.  The  Author  has,  however,  by  a  system  of 
most  jadidoaa  adeetkm  and  eoadenaaitkm,  been  anaUed  to 
intiodaee  aD  Uie  moat  important  ibeta  and  dieoriea  rdating  to 
StaticSy  Hydrostatics,  Dynamics,  Hydrodynamics,  Pneumatics, 
the  I«ra  of  the  liotkma  of  Warn  in  general,  Sound,  the  Theory 
of  Mnaieal  Notes,  the  Voiee  and  Hearings  Geometrical  and 
Physical  Optics,  Magnetism^  Electricity  and  Galvanism,  in  all 
Aeir  sobdiviaicna,  Heat,  and  Meteorology,  within  the  spaoe  of  an 
ordinary  middle-siied  volnme.  Of  the  manner  in  whieh  the 
translator  has  execated  his  task,  it  behoves  him  to  say  nothing ; 
he  haa  attempted  nothing  more  than  a  plain  and  nearly  literal 
?eraion  of  the  original.  He  cannot,  however,  eondnde  this 
brief  introductory  note  without  directing  the  attention  of  his 
Readers  to  the  splendid  manner  in  which  the  Publisher  has 
iHnstrmted  this  Yohune. 

E.  C.  O. 

LONDON, 

AUOviT  1847* 
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PRINCIPLES 

PHYSICS  AND  METEOllOLOGY. 


INTRODUCTION. 

General  Idea. — Tlie  grand  spectacle  that  is  ever  present  to  onr 
eyes  in  the  \  ast  reahn  of  nature  excites  within  us  so  ardent  a  thirst 
for  knowledge,  tbat  we  feel  onndves  inenstibly  impelled  to  the 
eonndrntkm  of  the  combined  causes  that  have  prodnoed  these 
wondrous  fesnlts.  Sneh  snbjeets  fill  within  the  department  of 
natiiml  philosophy,  whose  task  it  is  to  trace  the  connecting  link 
betwi't  n  the  different  phenomena  of  nature,  and,  as  far  as  this  is 
possible,  to  unravel  the  causes  from  which  they  have  originated. 

The  combined  natural  sciences  treat  of  bodies  a  word  which  we 
must  not  receive  in  the  limited  sense  in  whidi  it  is  nnderstood 
by  the  mathematician,  who  looks  only  to  the  relationB  of  space, 
disregarding  the  matter  that  fills  s])acc;  while  it  is  to  the  propi  rties 
of  this  very  matter  that  the  natural  philosopher  devotes  his 
especial  attention.  The  interior  of  bodies  is  closed  to  our  view, 
tfaidr  external  appearance  being  only  made  known  to  ns  by  means 
of  what  we  learn  concerning  them  through  our  senses*  Thus, 
a  body,  standing  in  no  connection  with  our  senses,  has,  so  fiur  as 
we  are  concerned,  no  existence;  and  it  is  probable  that  there  is 
stdl  much  passing  around  us  in  nature  of  which  we  have  no 
oonoeption,  from  the  want  of  some  additional  sense  by  which  we 
csn  recognise  its  existence. 

The  province  of  the  natnral  sciences  is,  therefore^  to  trace  the 
connection  existing  between  the  phenonnnia  brought  within  the 
scope  of  our  knowledge  by  means  of  the  senses,  and  so  to  arrange 
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them,  that  thfijr  may 

dependence  existing  between  them.   If  we  are  able  to  tnee  a 

phenomenon  in  its  connection  with  other  phenomena  we  have 
explained  it;  and  a  natural  law  is  obtained  ;is  soon  as  the 
unchangeable  link  of  connection  existing  between  the  natural 
phenomena  is  nnderatoodf  even  aboold  we  still  lemain  %iianaiit  ol 
the  final  cause. 

Dwinm, — The  vast  department  of  ihe  natural  sciences  divides 

itself  into  two  great  ])ranche8 — Natural  History  and  Natural 
Philosophy,  The  foruier  teaches  us  to  know  the  nature  of 
individual  objects,  and  arranges  them  in  systems  according  to 
theb  different  charaetera;  while  the  latter  endeavmua  to  hj  open 
the  natoral  laws  of  the  material  woiid. 

By  the  term  physics,  we  nnderstend  that  branch  of  the  natural 
sciences  which  treats  of  phenomena  which  do  not  depend  upon  a 
change  of  the  constitution  of  bodies;  the  latter  falling  under  the 
head  of  eAesMs^. 

As  may  be  rcadify  conceiyed,  it  is  not  alwaya  easy  to  traoe  with 
aeeoracy  the  line  of  demareatimi  between  these  two  acieneea. 
They  are  most  intimately  connected  with  each  other^  in  some 
measure  even  forming  one  whole,  which  appears  to  have  been 
divided  chiefly  owing  to  its  embracing  so  wide  and  increaain^;  a 
field  of  observation. 

Method, — We  must  now  point  out  the  manner  in  which  tbo 
student  may  attain  to  a  knowledge  the  lawa  of  nature,  and  by 
what  means  the  facts  already  ascertained  have  been  acquired.  The 
sources  of  knowledge,  as  well  as  the  methods  of  acquiring  it,  are 
not  and  cannot  be  the  same  for  all  sciences.  The  mathematician 
may^  starting  from  his  own  self-acquired  conceptionai  develop  his 
science  wholly  out  of  himself;  and  we  mi^^t  even  conceive 
possibility  of  a  man  shut  up  within  fi>ur  walls,  and  separated  finom 
all  couununication  with  the  outer  world,  constructing  the  whole 
science  of  mathematics  from  his  own  ideas  of  space  and  uumber."^ 


*  [We  find  the  same  idea  cxjirossrd  in  nearly  the  same  words  in  Herscliers 
l)€autifnl  Essay  "  On  the  Study  of  Natural  Philoso])hy  :" — "  A  clever  man,  shut  up 
alone,  and  allowed  unlimited  time,  might  reason  out  for  hiinsclf  all  the  truths  of 
mtthematics  by  proceeding  from  those  simple  notions  of  space  and  number,  of  which 
be  cnmot  dtvett  hisuelf  without  oetaing  to  think.  But  lie  ooaU  never  tell  by  any 
eftrt  of  leeeoniag  ivfait  woidd  beoome  of  a  hmqift  of  sugar  if  inunereed  la  niter,  or 
wtait  Inipifliifcm  wqoM  be  prodaced  on  Ui  eye  by  mixisg  the  ooloon  yeDow  md 
Mm."  p.  7«.] 
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I  INTRODUCTION.  8 

Seen  from  this  point  of  view,  mathematics  is  a  purely  speculiitiv  c 
science,  the  very  reverse  of  natural  philosophy,  which  treats  of 
objects  that  aokly  and  alone  come  to  our  knowledge  through  the 
perceptioBa  of  MDie  and  in  the  eoane  cf  eipenenee. 

The  anoenta  wcfe  wholfy  nnaeqpudnied  with  any  aeienoe  of 
natmal  inTestigation  that  waa  baaed  upon  eiqierienee ;  and  hence 
thfir  |))iilosuphical  speculations  upon  the  world  in  general,  and 
iijK)ii  the  rise  and  origin  of  all  material  objects,  are  nothing  but 
confused  conjectures,  and  possessed  of  little  Talae^  fteqaently^ 
indeed,  atanding  in  direct  oppoaitioa  to  &et  and  eiperienee. 

Bfen  in  tlie  ndddle  ages  the  natural  adenoea  were  not  much 
more  dereloped,  partly  because  the  human  mind  was  directed  in 
other  channels,  and  partly  because  the  Aristotelian  philosophy  was 
held  in  such  high  esteem  that  all  inquiries  and  progress  were  alike 
checked. 

Qalitoo  waa  the  first  to  enter  the  paUi  o£  practical  eiqperinient, 
and  Bacon  ahowed  that  there  waa  no  other  road  that  would  lead  to 

a  knowledge  of  the  laws  of  nature. 

The  only  source  from  whence  we  can  draw  our  knowledge  of 
nature  is  the  perception  of  the  senses, — practical  experience, — 
obaervation.  Hence  we  derive  the  materials  which  must  be  united 
and  worked  into  a  seience  by  our  mental  activity. 

We  derive  our  sdentifie  perceptions  dther  from  changes  effected 
by  nature  itself,  or  we  designedly  place  bodies  in  those  conditions 
that  may  call  Un-th  certain  phenomena.  In  the  first  case  we  make 
observations ;  in  the  second^  experiments. 

By  meana  of  good  obaervationa,  and  judiciously-conducted 
eqierinienti^  we  lourn  to  know  the  external  conneeticm  of  the 
phenomena  of  natnxe.  And  thia  oonneetkm  ia  what  we  term  a 
natural  law. 

By  the  aid  of  experiments  we  may  arrive  at  a  kuuwlcdge  of 
these  lawBy  even  while  we  remain  wholly  unacquainted  with  their 
internal  eonneetionj  and  with  the  nature  of  forcea. 

Hie  law  of  the  refraction  of  light  was  known  long  before  any 
correct  idea  was  formed  as  to  the  nature  of  light ;  and,  in  the 
present  day,  we  know  the  laws  of  the  distribution  of  electricity, 
but  we  have  httle  or  no  knowledge  concerning  the  nature  of 
diectricity  itself. 

It  is  coily  the  external  connection  of  things  that  can  be  discovered 
by  perception ;  and  we  can  hasard  nothing  more  than  hypothesea 
as  to  the  internal  causes  of  phenomena^  or  the  origin  of  the  forcea 
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4  INTEODUCTIOK. 

from  which  they  are*  educed.  These  hypotheaes  are  like  qnestions 
whieh  we  put  to  Nature^  but  the  answers  she  gives  are  not  simply 
"  yes*'  and    no     but  it  can  be  so,  or  it  cannot.  Neverthdess, 

from  these  hypotheses  deductions  may  generally  be  drawn  whieh 
can  subsequently  be  confirmed  or  refuted  by  further  obscn^ations. 
In  proportion  to  the  number  of  facts  that  can  be  explained  by 
help  of  an  hypothesis,  and  the  more  we  can  confirm  it  by  new 
observations,  the  greater  probability  does  it  acquire. 

In  all  branches  of  physics  we  shaU  find  examples  of,  and  evidence 
faroaring  the  correctness  of  these  views. 
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SECTION  1 


eiNBBAL  TBOPBETim  OF  BOMBS. 

As  FHTSIC8  treat  of  bodies^  it  is  most  essentisl  to  torn  to 
oneself  a  Tepresentation  of  the  nature  of  these  hodies,  and  this 

object  is  the  most  readily  attained  by  the  consideration  of  those 
geueral  properties  which  we  observe  to  eidst  in  ail  bodies^  whatever 
other  differences  they  may  manifest, 

Thju,  it  is  essential  to  the  existence  of  a  body  that  it  ooeapy  a 
Umited  space,  possess  the  property  <rf  extension,  and  that  no  other 
body  occupy  the  same  space  at  the  same  time ;  this  latter  condition 
indicatinc:  the  property  of  impenetrability.  Besides  these  two 
properties,  without  which  we  can  form  no  conception  of  matter, 
we  ohsen  e  other  general  properties,  as  divisibility,  extensibility, 
compfessihility,  porosity,  inertia,  and  gravity. 

DivMUUy, — As  ht  as  oor  expenenee  goes,  we  find  that  all 
bodies  are  divisible  ;  that  is,  they  may  be  divided  into  smaller  and 
still  snialkr  particles.  Here  the  question  arises : — ^What  are  the 
limits  of  this  divisibility?  And  again: — Do  we  by  continued 
reduction  arrive  at  particles  which,  although  still  perceptible  to 
the  senses,  are  incapable  of  being  fbrther  divided?  Sq»enenoe 
fiimislies  ns  with  the  reply,  that  divisibflity  eontuinally  oversteps 
the  limits  of  sensible  perception.  As  an  instance  of  extreme 
divisibility  we  may  adduce  nuisk,  which  will  continue  year  after 
year  to  hll  an  apartment  with  the  most  intensely-penetrating  odour, 
without  any  peroqitible  loss  of  wei§^ 

Chemically,  compound  bodies  aflmrd  the  best  evidence  that 
divisibility  passes  the  limits  of  sensible  perception.  In  cinnsbar, 
for  example,  which  is  composed  of  mercury  and  sulphur,  and  may 
easily  be  separated  into  these  constituents,  we  are  imable  to 
diatingniah  small  particles  of  solphnr  and  mereory  irom  one 
another ;  crai  nnda  the  best  mierosoc^  it  appears  to  be  a  perfectly 
bomogeneoQs  mass. 
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But,  alt]Mm£^  diviflibility  eiftendB  far  beyond  the  limili 
peroeptibk  to  sena^  it  must  not  be  aMimied  that  it  ia  wliollf 
unlimited ;  for  to  adopt  such  an  assumption  were,  in  other  words, 

to  admit  that  the  size  of  the  uhimatc  undivisible  particle  is  null, 
while  it  is  evident  that,  if  the  ultimate  particle  have  no  ^^T^^^^f^f 
it  cannot  enter  into  the  oompoaitifHk  of  an  extended  body. 

It  ia  npon  theae  ocmaidBrationa  that  the  natoral  phikwoiilier 
iMaea  the  hypotheaia  that  all  bodiea  are  eompoaed  of  mimite 
partieles,  which  cannot  be  further  disintegrated,  but  arenndinaible, 
and  therefore  termed  atoms. 

This  fundamental  view  of  the  constitution  of  bodies  is  now 
univeraally  embraoed  by  the  natmai  philoaopher,  and  the  chqiriat, 
aa  the  atcnnie  thecny. 

In  speaking  of  amall  partieka,  without  aetnally  wiahing  io 
designate  them  as  ultimate  portions  or  atoms,  we  generally  make 
nse  of  the  term  molecules^  which  is  synonymous  vrith  particles 
of  a  mass. 

^i^fiftuUnltfy  and  ConpreitibUiiifn'^A  aeeond  gmeral  propeHy 
ia  cxtenaihility,  on  whkh  depoidi  eomprBaaibfli^.  Tbib  mam 
body  doea  not  always  possess  a  similar  vohime,  since  it  may  be 

diminished  by  pressure  and  cold,  and  enlarged  by  expansion  and 
heat.  If,  then,  we  assume  that  the  atoms  are  invariably  the 
same,  we  can  only  explain  exte&aibility  on  the  hypothesis  that  the 
atoma  are  not  in  immiMliiitiy  oontigiiity  with  eaeh  odier,  but  are 
teparatedby  interatioeay  aeeordingtothe  enh^ementardiminiUiep 
of  which  the  volume  of  the  body  changes. 

Porosity, — The  interstices  which  occur  between  the  different 
particles  of  bodies  are  named  pores ;  and,  if  we  apply  the  same 
term  to  the  interatices  between  the  atoms  of  bodies^  it  ia  efident, 
bm  what  baa  been  ahneady  atated,  that  enrary  bo^  ia  ponmi^  and 
that  porosity  is  therefore  a  general  property.  In  eommon  speech, 
however,  we  understand  by  the  term  pore  an  interstice  sufficiently 
large  to  admit  of  the  passage  of  fluids  and  gases ;  and,  aceordin*; 
to  this  definition,  porosity  is  oertainly  not  a  §;enecal  property.  A 
sponge,  all  artificial  teiimea  chalk,  pmniee^  te.— are  porona  in 
the  leatricted  aenae  of  the  word. 

Different  Nature  of  Atoms, — ^After  developing  the  fondamental 
idea  of  the  atomic  theory  by  the  consideration  of  divisibility  and 
extensibility,  we  will  pass  to  the  observation  of  the  mode  in  which 
different  bodiea  are  formed  from  atomai  and  next  ooosider  the 
remaining  common  piopertiea  of  matter. 
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We  find  that  there  are  in  nature  a  number  of  bodietty  the 
propcrtiet  o£  which  are  so  different  that  we  must  necessarily  assume 
tbaft  tlie  atoms  of  whidi  they  are  composed  likewise  differ  in  their 
nature.   If,  fMrinstanoe,  we  eonsider  stdphnr  and  lead,  we  find 

that  the  relations  of  these  two  bodies  are  remarkably  different,  a 
fact  which  can  only  be  explained  by  the  hypothesis  tha^  the  atoms 
of  sulphur  are  not  of  the  same  nature  as  those  of  lead. 

Most  bodies  are  not  composed  of  homogeneoiis  pcrtsi  but  d 
muik  as  diftr  among  tkemsdvesi  efen  where  they  appear  to  be  of 
Vice  nature,  as  we  mentioned  in  the  case  of  cinnabar,  which  is 
roni posed  of  sulphur  and  mercury ;  and  us  in  water,  which  we  find 
to  be  a  compound  of  oxygen  and  hydrogen;  and  iu  common  salt, 
which  is  omiposed  of  chlorine  and  sodium.  Bodies  such  as  these 
ave  ssid  to  be  ehemiesl  oompomnds^  in  contiadistinetion  to  those 
wbidi  are  not  eapsble  of  being  deemnposed  into  different  consti- 
tuents, and  which  arc,  therefore,  called  simple  bodies,  or  elements. 
Tliere  are  fifty-five  or  six  of  such  simple  bodies  or  elements, 
which  hitherto  at  least  have  not  been  found  to  admit  of  further 
decomposition.  The  consideration  of  these  elements,  and  of  the 
mode  in  which  thej  enter  into  the  composition  of  other  bodiesi 
&ib  witiiin  tl»  prof  mee  of  chemistry. 

Agtp-egate  Conditions. — In  atldition  to  the  above  differences  of 
bodies,  we  observe  others,  wbieli  depend,  not  upon  a  difference 
in  their  constituent  parts,  but  upon  the  manner  in  which  the 
particles  are  united*  Thus  cme  and  the  same  substance  may 
assmne  totaDjr  diffmnt  ftnns,  as  water,  wbieb  is  solid  when  it 
appears  as  iee,  finid  as  water,  and  gaseons  as  steam.  l¥ithout 
cbancrinET  its  composition,  we  may  convert  water  into  ice,  and  ice 
into  water — vaporize  water,  and  again  condense  it. 

All  bodies  with  which  we  are  acquainted  are  in  one  of  these 
three  conditioiiSy  cither  solid,  fluid,  or  gsseoos  (siirifonn). 

Solid  bodies  have,  independently  of  the  slight  changes  effected 
on  them  by  heat,  a  constant  volume  and  an  independent  form ; 
and  it  requires  a  greater  or  lesser  amount  of  force  to  divide  a  solid 
body.  Thus  it  is  impossible  to  compress  a  piece  of  iron  to  the 
half  or  the  third  of  its  volome,  or  make  it  fill  a  space  twice  or 
three  times  as  great  aa  it  oeea{nes,  it  being  only  by  extreme  force 
Aat  we*  are  eoMed  to  diange  its  form  or  to  divide  it. 

Fluids  have,  in  the  same  sense  as  solid  bodies,  a  constant 
volume ;  that  is,  although  they  may  be  slijjhtly  compressed  by 
strong  pressure^  or  somewhat  expanded  by  the  action  of  heat^  the 
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change  of  volume  thus  indaced  is  very  umtuidenble.    We  euBol 

compress  the  water  which  fills  a  quart  bottle  into  a  vessel  of  half 
tiie  size,  and,  if  we  pour  the  tluid  into  one  of  twice  the  bulk,  the 
vessel  will  only  be  half  tilled.  But  fluids  diii'er  from  solid  bodies 
in  having  no  independent  fatm,  the  figure  they  aaanme  being  that 
olthe  veaael  eontainmg  them,  the  ■arramding  aolid  body^  wldk  I 
the  liquid  presents  a  horizontal  surface  where  it  intersects  the 
sides  of  the  vessel.  Fluids  also  ditit  r  esscntiallv  from  solid  bodies 
in  the  least  im^nahU  force  being  suf&cient  to  separate  thfiir 
particles* 

GaseoQS  bodies  have  neither  an  independent  fom  nor  a  definite 

vohune ;  the  space  which  they  occupy  dei>ending  only  upon  extcnsl 
pressure.  A  voluinc  of  air  may  easily  be  reduced  to  the  half,  the 
fourth,  or  even  tlie  tenth  of  its  original  bulk;  and,  ct)nversi']y,  \\e 
iiud  that,  on  admitting  the  same  volume  of  air  into  a  vacuum 
twice,  foor  tknes^  or  ten  times  as  large,  the  air  wiD  conqplelely  iU 
itf  thna  proving  that  gaseons  bodies  have  a  tendencjr  to  expand  as 
fiur  as  possible.  Essy  divisibility  is  ahke  common  to  gases  and  fin^ 

The  external  diiferenees  must,  according  to  our  views  of  the 
composition  of  bodies,  depend  upon  the  circumstance  that  in  solid 
bodies  the  individual  particles  remain  at  certain  distancea  ftom', 
and  in  fixed  relative  positions  to^  each  other;  in  finida  ihef  remam 
at  fixed  distances,  bnt  mayeasOy  be  dispkeed;  while  in  gaaeoos 
bodies  the  component  parts  show  a  constant  tendency  to  separate. 

Molecular  Furcca. — As  a  force  is  necessary  to  separate  the 
particles  of  a  solid  body,  and  as  also  an  external  force  is  necessary 
to  hold  together  the  partidea  of  a  gaseous  body,  it  is  clear  that 
bodies  cannot  be  formed  by  means  of  a  simple  juxtaposition  of  their 
atoms,  since  they  would  then  be  nothing  more  than  an  nnconnectcd 
mass  somewhat  in  the  condition  of  a  sand-heap.  There  must, 
consequently,  be  forces  which  hold  together  the  particles  of  a 
solid  body  in  their  relative  ])osition,  imparting  to  them  a  fixed 
internal  structure  and  external  form;  and  in  like  manner  thoe 
must  be  forces  which  act  repulsively  amongst  the  particles  of  n  gaa. 
These  hma,  which  are  oontinuondy  acting  between  the  adjacent 
moleeules  of  bodies,,  are  termed  molecular  forces.  Tlie  force  which 
holds  together  the  particles  of  a  solid  body  is  termed  the  force  of 
cohesion,  which  we  assume  to  be  called  forth  by  a  mutual 
attraction  of  the  atoms.  Now,  if  atoms  nratually  attract  fitfih 
other,  it  is  not  easy  to  understand  how  these  can  also  mutnall^ 
repel  each  other,  and,  thereHnre,  in  order  to  •^Ift*"  this  repulsion 
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olMerved  in  gases^  we  assume  that  there  is  another  and  an 
opposite  force,  which  we  term  the  force  of  expansion. 

Solid  bodiea  may  be  mdted  by  beat;  that  is,  they  nuqr  be 
tranaformed  into  a  fluid  eondition ;  and  ibnnigb  the  aame  ageney 

iliiids  may  be  reduced  to  the  state  of  vaponr;  it  follows,  therefore, 
that  heat  is  o|)j)oscd  to  the  force  of  cohesion,  and  hence  we  may 
afttmfP^'r  it  to  be  identical  with  the  force  of  expansion.  Let  us 
anppoae  the  molecnles  of  a  body  to  be  surronndcd  by  an  atmosphere 
of  Iwat  wbieb  modifieB  the  attnetkm  of  the  moleenki^  and  we  ahali 
Hhea  Qodentand  bow  the  attfaeUve  and  tbeiefmlanrefbreeBproeeed 
from  one  common  centre.  The  preponderance  of  the  expansive  or 
of  the  repulsive  force  will  determine  whetlier  a  body  be  solid  or 
gaseoas,  wliile  an  equihbfium  of  both  forcea  characterizes  a 
fluid. 

Inerim, — Thronghoot  tbe  whole  kingdom  of  natme  no  change 
m  tbe  eondition  of  things  can  oeeor  witboat  a  speeial  cause. 

Thus  whatever  change  may  occur  in  a  body,  whether  it  be  relating 
to  rest  or  to  motion,  or  to  a  change  in  its  aggregate  condition, 
must  be  occasicmed  by  some  force.  If  a  body  be  at  rest,  a  force 
ia  neecssafy  to  pot  it  into  motiim^  and^  eonyenely^  it  cannot  be 
redneed  to  a  state  of  rat  firom  motim  witboat  tbe  agency  of  some 
force,  for  a  hoiy  once  put  into  motion,  will  continue  that  motion 
with  unchanging  velocity,  in  an  unchanging  direction,  until  its 
course  be  arrested  by  external  impediments.  This  property  of  a 
bodv  we  term  inertia. 

We  find  nnmetous  eiamples  in  every-day  life  ehieidating  this 
btw.of  inertia.  Tbna  tbe  wheel  of  an  engine  continnes  to  pnrsiie 
its  course  after  the  force  which  impelled  it  has  been  arrested,  and 
it  would  continue  to  run  on  for  ever  if  the  motion  were  not 
constantly  impeded  by  friction. 

In  nmning  fast  tbe  speed  cannot  suddenly  be  cheeked.  A  man 
standing  npright  in  a  boat  will  hH  backwarda  when  the  boat  is 
pushed  from  the  shore,  and  will  be  urged  forward  as  the  boat 
touches  the  land.  We  shall  subsequently  have  frequent  opportu- 
nities of  alluding  to  the  inilucnce  of  the  law  of  inertia  upon  many 
phenomena  of  motion.  According  to  the  law  of  inertia^  a  body 
nraat  CKcrdae  a  raistance  against  ereiy  force  which  removes  it 
from  a  condition  of  rest  to  one  of  motion ;  or  which  hastens, 
impedes,  or  tries  wholly  to  arrest  it  when  in  motion.  It  is, 
therefore,  clear,  that  the  action  exercised  upon  the  condition  of* 
motion  of  a  body  must  depend  on  the  one  band  upon  the  inteoaity 
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of  the  forccj  and  ou  the  other  upon  the  degree  of  inertia  in  the 
body. 

Th  burger  tlie  tfmakity  of  mattar— lliat  ii  to  mj,  the  greater 
the  HUM  k  on  wkieh  m  feme  acta  ao  mneh  the  greater  will  be  tke 

resistanee  it  ofiers ;  and  we  judge  of  tbe  naaa  ti  a  body  by  tkc 
amount  of  resistance  which  it  can  oppose  by  its  inertia  to  an 
accelerating  or  retarding  force.  This  idea  of  inertia  and  mass 
cannot  be  rendered  very  clear  until  we  have  occupied  ooraelm 
aomewbat  with  the  ata^  of  the  bm  of  grsfity  and  motioiu 

€framfy.—It  we  lenme  a  pieee  of  atone  or  wood  from  dl 
ground  and  throw  it  from  oar  bands  it  will,  when  left  to  itadf, 
fall  until  it  reaches  the  earth,  or  meets  with  any  object  to  arrest 
its  course.  As  matter  is  inert^  it  cannot  of  itself  pass  from  a 
state  of  rest  into  one  of  motion.  If^  then^  we  see  that  a  body  in 
feat  begma  to  move  at  the  same  moment  that  we  dqnife  it  of  its 
anpporty  we  mntt  ascribe  this  to  a  feroe,  and  to  tUa  Ibvoe  we 
aj)ply  the  term  gravity. 

Gra\ity  is,  therefore,  the  force  which  compels  bodies  to  fall. 
We  must  noty  however^  suppose  that  its  power  is  limited  to  this 
action,  tat  we  shall  aoon  aee  that  gnmty  produces  other  pbeno- 
mena»  and  other  motiona.  nedireetkm  of  rhm  wUdi  floir  into 
the  sea,  tbe  risbg  of  a  piece  of  eork  horn  iStte  bottom  of  tbe  w«tor 
to  the  surface^  the  ascent  of  the  air-balloon^  are  all  the  effects  of 
this  force. 

There  is  no  better  means  of  ascertaining  the  direction  of  the 
feroe  of  .granty  than  the  Mowing  >---naten  a  airing  at  oas 
eztnmity^  and  attaeh  a  small  heavy  weight  at  ito  other  eUieaniiy, 
the  direction  of  the  thread,  when  it  ia  tense  and  at  rest,  wfll 
Flo.  l.fhtcrmine  with  accuracy  the  direction  of  gravity.    This  little 
M  instrument  is  called  a  plummet,  and  the  line  which  the  thread 
/    forms  in  a  state  of  equilibrium  is  the  vertical.    The  direction 
of  gravitation  ia  therafore  identical  with  that  of  the  plmmnal, 
and  nothing  can  be  easier  than  at  all  timeay  and  in  aU  pibeesy 
to  ascertain  this  direction  of  gravitation.    As  we  shall  sec 
when  wetreat  of  hydrostatics,  the  upper  surface  of  every  lluid  at 
rest  must  be  at  right  angles  with  the  direction  of  gravitation, 
or  we  may  express  the  same  thing  differently  hy  aaying  that 
the  direction  of  graritation  is  always  at  ri§^t  angles  with  ibit 
earth's  sorftMse.   Here,  as  may  ea^  be  supposed,  we  do  not 
speak  of  the  true  sui  tace  of  the  earth  with  its  hills  and  valleys,  hut 
of  an  ideal  surface^  of  which  we  must  form  a  conception  in  the 
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Mlofwing  manner: — If  we  asmime  that  the  Atlantie  Ooean^  the 
South  Sea,  and  all  other  aeas,  were  for  a  indent  perfectly  at 
rest^  then  their  vast  superficies  wonld  form  a  part  of  a  spherical 

surface;  and  if,  further,  we  assume  that  the  different  parts  of  this 
surface  were  spread  under  the  surface  of  the  land,  still  retaining 
their  cur\'nture,  they  would  form  a  spherieal  snr&ce  without  hills 
or  vallqri*  This  partly  hnaginary  and  fuOf  aetoal  anilaee  ia 
what  we  term  the  letd  of  the  sea — tiie  horiiontal  line.  When^ 
therefore,  we  say  that  Mont  Blanc  is  14,690  feet  above  the  level 
of  the  sea,  we  mean  that  a  perpendicular  dropped  from  the  summit 
of  the  mountain  must  measure  14^690  feet  in  order  to  reach  this 
ideal  snrfacc.  In  Holland  there  are  whole  diatrieta  hdow  the 
aorfiiee  of  tiie  aea;  that  ia  to  aay^  fliia  imaginary  level  ia  at  an 
deration  above  Ihe  heada  of  the  inhalntanta. 

The  force  of  gravity  is  always  directed  towards  the  central  point 
of  the  curth,  as  we  perceive  from  what  lias  been  already  stated. 
The  directions  of  the  plummet  at  two  different  parts  of  the  earth 
ar^  eonaeqnently^  not  parallel,  for  they  make  a  certain  ang^e 
wiA  each  other.  Ihe  point  of  which  comeidea  with  the  eeotral 
point  of  the  earth.  Berlin  tnd  the  Cape  of  Good  Hope  are  two 
places  lying  in  nearly  the  same  meridian  line.  Berlin  is  52°  31'  13'' 
nortli  of  the  equator,  and  the  Cape  of  Good  Hope  33®  55'  15" 
aonth  of  the  same  line;  and  if  we  draw  two  lines  towards  the 
eentnd  point  of  the  earth,  the  one  from  Berlin  and  the  other  from 
the  Gape,  we  find  that  they  make  an  angle  of  86^  26^  28^',  benig 
the  angle  which  the  plummet  at  Berlin  makes  with  the  plnmmet  at 
the  Cape.  If  the  experiments  be  made  at  two  points  lying  within 
the  circumscribed  space  of  an  apartment,  or  even  at  the  extreme 
ends  of  a  city,  no  deviation  in  the  direction  of  the  plummet  will 
be  peroeived ;  the  zeaaon  of  which  ia.  that  ibe  central  point  of  the 
earth  (the  foeoa  towards  which  the  two  linea  ineline)  ia  distant 
from  the  surface  of  the  earth  more  than  six  millions  of  metres* 
(the  radius  of  the  earth).  Now,  as  200  metres  scarcely  compose 
the  dO^OOOth  part  of  the  earth's  radius,  it  follows  that  two 
plnmmeta  placed  at  the  diatanoe  of  200  metres  from  each  other 
would  form  an  angle  of  ahoot  6.8  aeoonda.  If  theplaceaat  which 
the  egperiment  ia  attempted  were  leaa  removed  from  each  other  the 
angle  would  cease  to  be  appreciable. 

if  a  body  be  impeded  in  its  fall  by  the  intervention  of  some 
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othia!  supporting  body^  the  action  of  the  force  of  gravity  does 
not  cesse,  but  msnifests  itself  in  this  esse  by  pressure  iipoD  iibt 
interveniDg  objeet. 

Gravity  is  a  general  property  of  bodies;  that  is,  it  is  oobum 

to  till  ids  and  gases,  as  well  as  to  solid  bodies.  The  fallinsr  of 
the  rain  drop  proves  the  gravity  of  fluids,  and  wo  sliall  subse- 
quently adduce  instances  of  the  gravity  possessed  by  gamMtf 
bodies,  and  ecmseqiiently  show  that  the  whole  atmoiqphere  nv- 
Bonnding  our  globe  presses  upon  the  ear&'s  sufroe. 

Weiffki.—Thib  amount  of  pressors  exercised  by  a  body  xqfm 
another  body  upon  which  it  rests  is  called  its  weight,  this  pressurr 
increases  with  the  number  of  material  j)articles  of  the  bod). 
In  order  to  compare  the  weight  of  different  bodies,  we  make  use  of 
the  bahoioe,  the  applicatioii  of  which  ia  funiltsr  to  all,  and  iti 
arrangement  we  shidl  describe  snbseqnently. 

In  Franoe  the  gramme  is  the  legal  wUt  of  weight,  and 
at  the  present  day  it  is  received  almost  universally  as  the  unit 
measure  in  scientific  researches.  The  gramme  is  the  weight  of 
a  cubic  centimetre  of  pure  water  in  its  state  oi  greatest  densifty. 
The  French  system  of  weights  has  this  great  advantage  am 
others,'  that  the  nnits  of  weight  and  measore  stand  in  s 
simple  relation  to  each  other,  ^  that  it  is  essy  to  judge  of  the 
weight  of  a  body  by  its  size,  and  vice  versd,* 

*  A  MeMon  on  only  be  ooniidned  ••  miltanlif  isad  wliai  11  has  been  domd 
flom  Mne  videftatiag  ii»  or  iptoe  in  Mtiin^  ai  It  the  omb  iviOi  ttie  Draach  sjaiai 
cf  sMMuwi.  Thus  aa^  estalBtj  ottiar  ajiCeiiit  now  poneii  hat  been  derived  ftaa  a 
oompBriKm  with  ibe  ^atem  eataldlahed  in  fnaeb* 

The  undcviating  length  which  haa  beoome  theatandardforthiaajttemSathe  «ntVi 
meridian — that  is,  the  circumfercnro  of  a  large  cirdo  of  tilO  ^obo^  ItTtifg  ttma|^ 
both  poles.   The  forty  milUontb  part  of  this  UmIi  a  metre. 

The  lenglh  of  a  meridian  of  the  earth  was  mfrtftiwfd  by  a  series  of  the  moit 

carefiilly-rniuliictcd  nieastirenipnts,  and  for  this  piirposc  the  old  French  unit 

nieaj^urc  —  ihr  toiso  —  was  used  for  a  basis;    it  was  in  this  way  accuratdr 

detcnniiuil  Ik.w  many  of  iljosc  toises  were  contained  in  the  rartli's  meridi*!. 

and  consequently  what  wa.s  the  exact  length  of  the  toise.    As,  liowever,  it  wts 

resolved  that  an  entirely  new  system  of  mcasnres  sliould  he  estaMished,  the  forty 

BlilHoBtb  pait  of      aarth's  meridian,  expressed  in  toiscs,  Wiis  tukm  a>  the  new  nnit 

of  ICQgtb— in  ahoftp  fb»  nlation  of  the  metre  to  the  toise  was  then  accurately 
,1,1 ,  ii 

Aa  fai  tbe  pnaaot  daj  tbo  Vipendi  ayaloa  of  maaaoraa  la  nli^ 
acientifle  worfca,  we  daam  it  daaiiaUo  to  ghw  a  taUe  af  tiieidatkMaof  fcn%naai 
EnglUh  weights  to  thoaa  established  fai  tbo  Krench  ayatam,  gifing  by  af 

iotrodiiction.  a  few  facts  referring  thereto. 
Tbo  malce  it  dividad  into  10  deoioMtiea,  ISO  wwMtiwtfWt  and  1,000  mflbniiai 
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Mass. — According  to  the  above  explanation,  the  mass  of  a 
hoAy  it  the  quantity  of  matter  of  which  it  ia  composed  and  on 
thk  quantity  depcaida  its  inertia;  eonaeqaenttyj  the  amoont  of 
this  inertia  gifia  the  actual  meaauie  of  the  masSy  and  here  gravity 
furnished  ua  with  the  heat  means  of  ascertaining  the  quantity  we 
seek. 

The  mass  of  a  body  is  always  proportional  to  its  weight.  Tliis 
eonnection  between  the  two  is  everywhere  demonstrable  by 
eiperimen^  although  we  may  readily  eonedfe  it  to  be  not  n 
neecaaary  result.   ¥6r,  let  it  he  assimied  that  there  are  hodiea 

in  nature  on  which  gravity  exercises  no  power,  on  this  account 
they  will  not,  tlRictbre,  the  less  continue  to  possess  inertia ; 
inrther  let  it  be  assumed  that  the  force  of  gravity  acts  unequally 
upon  tiie  partielea  of  different  aobatanoes,  and  that  a  ball  of 
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The  relation  of  tbe  inoti  importaiit  meaiufet  of  length  to  the  metre  arc  given  in 
the  fDDimiiig  table;— 

IBiii^lbak  »  304,79 mOUmetni. 

1  Rhenish  or  ProMhui  foot  ->  318,85  „ 

imeaaafMi  «...  »  316,10  „ 

IPwitftot  .  -1  9UM  n 

1  Toin  •=  6  iMBch  feet   »  1,94904  metoBi. 

[  German  or  geographical  mile   a      7 107  „ 

1  English  nautical  mile  =  1  Italian  mile  .  .  =  1852  „ 
The  measures  for  solid  and  fluid  bodies  and  the  weights  are  all  derived  from  the 
measure  of  length  in  the  French  system.  Thus  the  unit  of  the  fluid  measure  is  the 
litre  =  1,000  cubic  centimetres.  A  cubic  centimetre  of  water  weighs  1  gramme  (or 
15,44  grains  tro\  j ;  1,U0U  gnuuines  make  1  kilogramme;  1  litre  of  water,  therefore, 
weighs  1  kilogramme. 

One  gramme  is  equal  to  10  decigrammet  =  100  centigrammes  =  1,000  miili- 
gnnunet. 

The  poasd  weight  dUfen  ooonderably  ia  dUfcraat  couutriea,  hot  it  may  on  la 
■itnft  ht  Mid  to  eom^pood  pretty  nearly  nith  the  half  kilogramme.  The  Badea 
nd  Hene  pomd  it  ocaellj  thii  1rai^^  at  the  ^jitem  of  mMim 'adopted  ia  theae 
ooanttiei  haa  hen  dorited  from  the  Fkouh.  Thb  poond  of  500  gnDamea  is  the 
naed  in  the  Oennea  Zollvcrein,  or  general  custoou. 
1  Londoa  poond  (troy  might)  .  373,202 
I  Vienna  pound  (trade  we^ht)    •    »  572,880  „ 

I  Old  i^rench  pound  =  489,506  „ 

1  Pmaaian  poond  a  467,711  „ 
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lead  is  only  heavier  than  a  hall  of  wood  of  equal  siie  becanse 
graYitatkm  acts  more  especially  upon  the  partidea  of  the  lead^ 

without,  on  that  account,  the  mass  of  tlie  leaden  ball  being 
greater  than  that  of  the  wooden  ball.  Again,  to  make  the  subject 
clearer,  let  us  suppose  two  equally  large  ballsj  one  of  lead,  the 
other  of  wood,  and  let  us  assume  that  the  mass  or  amount  of 
inertia  be  the  aame  in  both>  it  clearly  follows  that  in  this  case  the 
leaden  haU  would  &U  with  the  greater  velocity,  Ibr  we  know  that 
it  weighs  mme  twelve  times  more  than  the  wooden  hall,  and 
that,  consequently,  the  force  which  impels  the  former  is  twelve 
times  as  p^reat  as  that  which  acts  upon  tlie  latter,  and  would, 
therefore,  induce  greater  velocity  if  equal  resistance  were  opposed 
to  both  halls.  We  find,  however,  that  the  leaden  ball  £aUa  no 
&8ter  than  the  wooden  one,  at  least  m  vacuo,  and  hence  we  aee 
that  the  foroe  which  impels  the  former,  although  twelve  times  an 
great,  acts  against  a  body  possessing  twelve  times  the  inertim 
of  wood.  And,  as  we  find  that  the  rapidity  with  which  all 
bodies  fall  in  vacuo  is  equal,  we  conchulc,  on  the  same  grounds, 
that  the  mass  of  a  body  is  always  proportionate  to  its  weight, 
and  that,  therefore,  the  weight  of  a  body  is  a  measure  of  its 

DmtUif* — The  density  of  a  body  is  the  relation  of  its  weight 

to  its  volume,  and  thus  conveys  the  idea  of  specific  gravity  which 
is  a  constant  characteristic  property  of  every  substance.  As  it 
was  necessary  to  choose  one  body  in  particular  as  the  unit 
of  density,  to  which  all  others  might  he  compared,  water  in 
ita  condign  of  greatest  density  has  been  made  choice  of  for  thia 
purpose.  The  density,  or  apecifie  gravity,  of  a  body  is,  therefore, 
the  number  which  indicates  how  much  heavier  a  body  is  than  an 
equal  volume  of  water.  A  cubic  centimetre  of  iron  weighs  7.8,  a 
cubic  centimetre  of  gold  19.258  grammes,  while  an  equal  volume 
of  water  weighs  only  one  gramme ;  therefore  7.8  is  the  specific 
weight  of  iron,  and  19.258  that  of  gold.  Hence  to  find  the 
apecifie  gravity  of  a  body^  we  divide  ita  absolute  weight  by  the 
weight  of  an  equal  volume  of  the  water. 

Thuft  the  data  necessary  to  determine  the  specific  gravity  of 
a  body  are  its  absolute  weight  by  the  weight  of  an  equal  volume 
of  water. 

These  data  are  most  readily  obtained  for  fiuids.  If  we  take 
a  narrow-necked  vessel  and  fill  it  up  to  a  certain  marked  line 
on  the  neck,  first  with  water,  and  then  with  the  fluid  to  be 
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determined,  and  weigh  it  each  time  in  a  balance,  we  obtain 
the  relative  weight  of  the  two  fluids.  Thus,  if  we  wish  to 
aacertam  the  speciiic  gravity  of  oil  of  vitriol,  we  must  first 
place  the  empty  bottle  on  one  scale  and  oounterbalanoe  ii,  then 
fill  it  to  the  gndnated  line  with  inter.  If  we  aanune  tluit 
tlM  Wttle  oontain  enctly  one  lifcre,  that  is  1000  eoUe  eentimetres^ 
the  water  will  weigh  exactly  1000  grammes.  If,  now,  we  fill  the 
bottle  to  the  same  point  with  oil  of  vitriol,  it  will  require  1848 
grammes  to  make  the  balance  even.  Since  the  oil  of  vitriol  in 
tlie  flask  weighs  1848  grammeay  while  an  equal  volnme  of  water 
weigha  only  1000  granmea,  the  specific  gravity  of  the  fSacmer  is 

15^?          1  AAA 

luoo  • 

Owing  to  the  difhculty  of  always  obtaining  sufficiently  large 
quantities  of  the  fluids  to  be  weighed  in  so  eapacious  a  vessel^ 
and  the  damage  to  a  fine  balance  in  siqpportingsnoh  heavy  masses, 
vio.  3.        it  is  nune  apMrnt  to  nuke  nse  of  smaller 

vessels.  The  form  commonly  employed  is 
represented  in  Fig.  3.  Tliis  vessel  is  made 
to  contain  irom  eight  to  twenty  cubic  centi- 
metra^  and  haa  a  (pramnd  glass  stopper  made 
of  a  part  of  a  fhennonieter  tube!,  in  order  to 
admit  of  the  rising  of  portions  of  the  finid 
in  case  of  expansion  by  heat  through  the 
slender  evening  without  the  stopper  bemg  raised^  or  the  bottle 
burst. 

hk  ofdor  to  determine  the  specific  gravity  of  sdid  substaness  we 
must  form  fitomthem  a  body  of  regular  shape,  as  a  cube  or  sphere, 
in  order  to  estimate  flie  more  readily  its  eabie  contents.  The 

absolute  weight  of  such  bodies  is  found  by  the  balance,  and  the 
weight  of  au  equal  volume  of  water  is  given  by  the  known  volume 
of  the  body.  If  a  cube  of  marble  weigh,  for  instance,  21.6 
gnmmes^  and  each  of  its  sides  be  two  oentimetresy  its  cubic  contents 
win  be  eight  enbie  eentunetres ;  a  cube  of  water  of  like  sise  will 
thus  weigh  eight  grammes;  and^  eoaaeqiiently,  the  specific  gravity  of 

the  marble  is  to  that  of  water  as       s=s  2.7. 

o 

Take  a  inhere  of  dried  beecbwood  weighing  25.79  grammes, 
and,  supposing  ite  diameter  to  be  (bur  centimetres^  we  msgr  easily 
compote  ite  enhic  eontento,  whidi  we  shall  find  to  be  88.40 
cobie  centimetres.   A  sphere  of  water  of  equal  size  will,  therefore. 
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weigh  88.49  grammesi  and  the  specific  gevmty  of  the  wood  is 

As,  however,  it  is  not  always  possible  to  obtain  such  larg? 
quantities  of  substances,  and  it  is  sometimes  impracticable  to 
form  bodies  of  the  regularity  of  figure  necessary^  other  methods 
most  he  resorted  to  for  ascertaining  the  specific  gravity ;  and  the 
majority  of  these  depend  upon  hydrostatic  laws^  the  consideratioii 
of  which  we  mnst  postpone  to  a  subsequent  period.  The  following 
method,  however,  is  not  grounded  upon  these  principles,  and  is 
often  made  use  of  to  ascertain  the  specific  gravity  of  such  bodies 
as  can  only  be  obtained  in  small  portions. 

We  first  fill  the  vessel  (Fig.  3)  with  water,  and  bring  it  into 
equilibrium  in  the  balance,  then  lay  the  granules  beside  it,  and 
ascertain  the  absolute  weight.  This  done,  we  remove  both  from 
the  scale,  and,  throwing  the  granules  into  the  water  in  the  bottle, 
again  insert  the  stopper.  A  quantity  of  water  will  then  escape, 
equal  in  bulk  to  the  granules  which  have  displaced  it.  On 
weighing  a  second  time,  we  strain  the  quantity  of  water  that 
has  been  displaced;  or,  in  other  words,  the  weight  of  a  volume 
of  water  equal  to  the  volume  of  the  granules. 

By  way  of  illustration,  let  us  determine  the  specific  gravity  of 
platinum  granules  as  they  occur  in  nature: — 

The  glass  vessel  with  water  weighs    .    .    13.52  grms. 
The  granules   4.056  „ 


Both  together  17.576 


9$ 


If,  after  throwing  the  granules  into  the  bottle,  putting  tlie 
stopper  on,  and  weighing  the  whole  together,  we  find  it  to 
be  17.816  grammes,  the  weight  of  the  water  forced  out  by  the 
granules  must  be  17.576—17.316  =  0.26  gram.;  consequently 

4  056 

the  specific  gravity  of  the  granules  is  ^      =  16.6. 

The  same  method  may  be  pursued  with  larger  portions  of  bodiea 
if  a  suitable  vessel  be  chosen  for  the  experiment. 
If  the  body  to  be  weighed  be  soluble  in  water,  some  fluid  must 

be  chosen,  as  alcohol,  oil  of  turpentine,  or  some  other  in  wiiich 
the  body  docs  not  dissolve.  By  the  above-described  process,  we 
find  how  much  a  certain  quantity  of  the  fiuid  weighs  which  has 
the  same  volume  with  the  body  to  be  weighed,  and^  when  once 
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the  qpeeUe  grmty  of  the  fluid  ib  known,  it  is  easy  to  aaoertam  the 
weight  of  an  equal  ^faune  of  water. 

Let  it  be  assumed  that  a  piece  of  salt  which  ia  insoluble  in  oil  of 
turpentine  weigh  0.352  gram.^  and  displaces  when  put  into  the 
glass  0.13  gram,  of  oil  of  turpentiae.   The  specific  gravity  of  this 
Buid  is  0.8725 ;  an  eqoal  volume  of  water  will  therefore  wei^^ 
0  13 

0.8725  ^  specific  gravity  of  the  salt  is,  therefore. 


c 
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SECTION  II. 

■ 

BQUILIBRIUH  OF  FORCES. 


CHAPTEll  L 

XQUILIBiUUM  AND  DSC0MP08ITI0N  OF  F0BCB8  IN  THB  80 

CALLED  SIMPLE  MACHINES. 

A  BODY  is  in  a  rtafte  of  equiUhriom  yAm  all  the  fimes  mIbi| 

upon  it  counteract  each  other^  or  when  their  action  m  pvefculii 

by  any  resistance.  In  a  body  suspended  by  a  thread,  the  acticm  of 
gravity  is  destroyed  by  the  resistance  of  the  thread.  If  the  thread 
be  not  strong  enough^  it  will  breaks  and  the  body  will  fall  to  tht 
groond,  A  body  may  often  be  in  eqniUbrium  without  having  mj 
ftced  point  of  support^  and  without  any  apparent  teaiatanee.  The 
fish  may  be  in  a  state  of  equilibrium  in  the  water,  and  the  ballooD 
in  tlic  air,  but  here  the  jri  avity  is  counteracted  by  a  presaurey  of 
which  we  shall  further  speak. 

It  may  be  iaid  that  all  bodies  whioh  appesr  to  be  in  a  atate  ef 
rest  are  acted  upon  by  many  mutually  eounteraeting  foroee.  It 
fWlk  to  the  department  of  statics  to  asoertain  the  oonditiofnB  ef 
equilibrium,  while  the  subject  of  dynamics,  on  the  other  hand, 
investigates  the  laws  of  the  motions  which  result  when  the 
conditions  requisite  for  the  establishment  of  equilibrium  are  not 
satisfied. 

In  order  to  measure  ftnrees  we  must  assume  some  arlntrary  force 
as  unity. 

Two  forces  aie  equal  when,  in  acting  upon  one  point  from 
opposite  directions,  they  remain  in  equihbrium.  Two  equal  forces 
acting  in  the  same  direction  are  equal  to  a  double  fcxce.  We  shouki 
havea  triple  foroe  if  three  equal  foroes  acted  in  the  same  direetioaff 
and  so  on. 
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Whatever  be  the  number  of  forces  acting  upon  one  point,  and 
whatever  their  direction  may  be,  they  can  only  impart  one  single 
movement  in  one  definite  direction.  Hence  we  Mnimje  that  there 
kaliaree  wUeh  is  capabfo  in  itself  of  prodncmg  tbe  eai^ 
tfieee  oombined  fomcB,  and  ecmseqncntly  of  replacing  them.  This 
is  termed  the  resultant.  For  example,  when  a  ship  is  impelled  by 
the  combined  action  uf  the  stream,  tlie  ruilder,  and  the  wind,  it 
moves  in  a  definite  direction ;  but  if  the  actions  of  the  stream, 
rudder^  and  wind  were  to  ceaae,  we  could  evidently  impart  the 
tame  motion  to  the  vestel  by  attadung  to  it  a  rope  or  line  by 
wlueh  a  definite  force  might  be  made  to  bear  in  the  direetion 
towaids  which  the  ship  was  impelled  by  the  simultaneous  action 
of  the  three  forces.  This,  then,  is  the  resultant  of  the  three 
forces. 

The  combioation  of  forces  whidi  act  together  npon  one  point,  we 
term  a  system  of  forces,  or,  when  speaking  of  ihem  in  reference  to 
the  residtant,  we  call  them  component  or  lateral  forces.   It  is 

evident  that,  if  we  were  to  add  to  the  combined  system  of  forces  a 
new  force,  equal  and  opposed  to  the  resultant,  all  the  forces  acting 
in  concert  must  retain  their  equilibrium.  If,  for  example,  to 
abide  by  oar  former  illustration,  we  had  caused  a  force  to  aet  upon 
the  linn  of  the  vessel  which  was  equal,  but  exposed,  to  the 
resultant  force  of  the  stream,  rudder,  and  wind,  the  newly-applied 
force  would  induce  a  state  of  equilibrium,  and  the  ship  would 
remain  at  rest  just  as  if  it  were  lying  at  anchor. 

If  two  or  more  forces  act  in  the  same  direction  their  residtant  is 
the  som  of  the  separate  forces.  When  two  forcea  aet  m  opposite 
directions  upon  one  point,  the  resultant  is  equal  to  the  diftrenee  of 
the  two,  and  will  act  in  the  du-ection  of  the  greater. 

If  the  directions  of  two  forces  acting  upon  a  material  point 
make  au  angle  with  each  other,  we  find  the  resultant  by  means 
of  a  law  known  vnder  tlie  name  of  the  paralldiogram  of  foarcea^ 
and  fstaWiAfid  by  means  of  the  fdlowing  aimple  oonaideia- 
tion: — 

4.  Suppose  two  forces  acting  sinmltaneously  ou 

 .--P^''''   the  point  a,  one  in  the  dii-ection  a  a:,  the 

^^-^"^"^^^ /        other  in  the  direction  a  y.   Let  one  force  be 

J-  y  fuch  that  in  a  given  time— say  a  second-Hit 

win  by  itself  more  the  p<Hnt  from  a  to  6,  while  the  otiier  force 
will,  iu  the  same  period  of  time,  move  it  byStsdf  fimn  a  to  ^  If 
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now  the  point  be  exposed  for  a  second  to  the  simultaneous  action 
of  both  forces,  the  effect  is  evidently  the  same  as  if  the  point  were 
subjected  for  one  second  to  the  sole  action  of  the  one,  and  the  next 
second  to  the  sole  action  of  the  other  force.  The  first  force  alone 
impels  the  point  from  a  to  6  in  one  second ;  and  if  the  action  of 
this  force  were  to  cease  at  the  instant  the  point  reaches  b,  and  the 
point  be  then  solely  subjected  to  the  action  of  the  second  force,  it 
would,  at  the  close  of  another  second,  reach  r.  Hence,  if  both 
forces  act  simultaneously,  the  point  a  must,  in  the  course  of  a 
second,  reach  the  same  point  r. 

An  illustration  will  make  this  more  evident.    A  ship  acted  upon 

no.  5. 


simultaneously  by  two  forces,  the  stream  and  wind,  starts  from 
the  point  A  on  the  side  of  a  river.  Let  us  assume  that  the  vessel 
will  be  urged  obliquely  across  the  river  by  the  action  of  the  wind 
alone,  in  a  definite  time,  say  a  quarter  of  an  hour,  going  from  A 
to  B,  and  assume  it  to  be  borne  during  the  same  period  of  time  by 
the  force  of  the  stream  alone ;  if  there  were  no  wind  from  A  to  C, 
then  it  would  in  the  same  period  of  time  go  from  A  to  D,  if  both 
wind  and  stream  acted  simultaneously,  that  is,  it  must  reach  the 
point  D  in  a  quarter  of  an  hour,  when  impelled  by  the  simulta- 
neous action  of  the  two  forces,  as  it  would  have  gone  from  A  to  B 
in  a  quarter  of  an  hour,  if  acted  upon  solely  by  the  wind,  and 
from  B  to  D  during  the  next  quarter  of'  an  hour  when  impelled 
only  by  the  stream. 

no.  6.  The  line  a  r  (Fig.  6)  is  the  diagonal 

J^.  of  the  parallelogram  a  b  r  c,  which  by 

/  ^^.^"^""'^  I        means  of  the  law  we  have  mentioned  may 

g^-^"""*^^  ^.  ^  .  be  thus  expressed. 

The  resultant  of  two  forces  which  simultaneously  act  at  any 
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angle  upon  •  Butorial  p(Mnt  is  rach  at  to  tend  to  move  the  point 

through  the  diagonal  of  the  parallelogram,  which  WC  may  construct 
from  the  iinea  corresponding  to  each  of  the  component  or  lateral 
forces. 

At  the  liiie  which  a  body  panei  over  in  a  given  time  is 
prop(»tionate  to  the  fovoe  wldeh  impels  it^  and  as  ui  dfltermining 

the  resultant  we  only  endeavour  to  find  its  direction  and  relations 
of  size  to  both  component  forces,  the  law  may  be  thus  expressed  : 
— "  If  two  lines  be  drawn  in  the  direction  of  two  forces^  and 
through  their  point  of  contact  and  their  length  to  be  proportionate 
to  the  respectife  fiireesi  the  disgonal  of  the  parallekigrain  whidi  is 
determined  by  these  two  Knes  will  represent  the  resultant  both  in 
magnitude  and  direction." 

As  a  state  of  equilibrium  must  be  established  between  three 
forces,  if  each  be  equal  and  opposed  to  the  resultant  of  the  other 
two,  we  wsKj  easily,  by  means  of  an  experiment  pertaining  to 
statiesi  test  the  eorreetness  of  the  law  of  the  parallelogiam  of 
forces* 

To  the  leaf  of  a  table  there  are  attached  two  vertical  rods,  each 

7,  of  which  has  a  moveable  slide 

bearing  a  pnlley  that  turns  easily 
upon  its  axis  in  a  vertioal  plane. 
The  rods  must  be  so  screwed  on 
that  the  vertical  planes  of  both 
pulleys  coincide.  If  now  we  have 
a  line  over  the  pulleys,  attaching 
at  one  end  a  weight  a,  at  the 
other  Old  a  weight  e,  and  lastly, 
a  weight  h  between  the  pulleys, 
the  whole  will  be  in  a  state  of  equilibrium  iii  any  definite  position 
of  the  threads;  we  have  three  forces  acting  upon  the  point  o  in  the 
difeetioiia  op,  oq,  and  o  r,  and  it  is  easy  to  ascertain  whether 
those  rdations  between  the  amoont  and  direction  of  the  forces 
ready  exist,  sndi  as  the  kw  of  tiie  parallelogram  of  forces  reqaires. 

Supposing  by  way  of  illustration,  that  fl  =  2  and  c  =  8  onnees, 
how  great  must  be  the  force  at  6  if  the  angle  p  o  q  he  75^1 
Aeeording  to  the  above  law  the  resultant  may  easily  be  obtained, 
by  eoDsiractiani,  as  in  Fig.  8. 

U  the  angle  r  $  i  messnre  76^  and  r  t  »  2  end  t  #  «  8 
(some  unit   being  assoraed),    we   shaD  find   that  the 


gonal  s  p  =  ^    Thus,  if  the  angle  p  o        75°,  the  weight 
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b  must  be  eqiial  to  4  onnoes;  and  if 
we  attach  a  weight  of  4  ounces  to  the 

string,  we  shall  find  that  the  angle  p  o 
q  will  measure  75° ;  and  this  we  may 
easily  prove  by  holding  a  tigui'c  of 
larger  dimensions  behind  the  thready 
r  $  eorresponding  with  o  p,  and  1 1  with 
0  g.  lib  had  been  made  larger  than  4, 
and  all  the  other  parts  of  the  figure  were 
left  unaltered;  the  angle  p  o  q  would  be 
less  than  75° ;  and  the  smaller  we  make 
the  weight  at  6,  the  larger  will  be  the  angle  p  o  q. 

When  both  forces  are  equal,  the  resultant  divides  the  angle 
which  they  make  with  each  other  into  two  equal  parts. 

When  the  two  forces  are  unequal^  the  resnltant  divides  their 
angle  into  unequal  parts,  approaching  more  nearly  to  the  directioii 
of  the  larger  force. 

As  we  can  find  the  resultant  of  two  forces  acting  upon  a  point, 
so  it  is  likewise  easy  to  ascertain  the  resultant  of  any  given  number 
of  forces,  nothing  more  being  necessary  than  to  find  the  resultant 
<tf  the  two  first  forces,  then  their  resultant  with  the  third  force, 
and  so  on. 

As  two  fbroes  ean  be  replaced  by  a  single  force,  so,  eonverady, 

we  may  substitute  two  forces  for  one ;  and  we  see  further,  that  an 
infinite  number  of  diflFerent  systems  of  forces  may  have  the  same 
resultant,  and  conversely,  that  one  force  may  be  replaced  in 
yio.  9.  innumerably  difierent  ways  by  a  aye* 

^  tern  of  two  forces.    But  if  it  were 

required  that  the  force  a  r  should  be 
replaced  by  two  other  forces,  one  of 
which  should  have  the  direction  a  y, 
and  the  magnitude  n  c,  the  problem 
is  perfectly  definite,  there  being  but 
one  way  to  complete  the  parallelogram,  and  to  find  the  component 
or  lateral  force  a  b. 

From  the  parallelogram  of  forces  are  derived  the  laws  of  equili- 
brium in  all  simple  machines;  and  these  we  now  proceed  to 
describe. 

The  Inclined  Plane  affords  a  practical  illustration  of  the  decom- 
position of  forces.  When  a  weight  reats  upon  a  plane,  which 
forms  an  angle  «  with  the  horiion,  the  gravity  of  the  body  acting 
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in  the  diractioii  c  6  is  no  longer  aft  lig^t  angki  to  the  phnej  mA, 
conmqomiiy,  the  hitler  has  not  to  support  the  fiill  pressure  of  the 

m.  lOt. 


weight  of  the  load.  In  iact^  the  gravity  of  the  body  may  be 
dseonpoaed  into  two  forces^  the  one  of  which  acts  at  right  an§^ 
with  the  planoj  cansing  tibe  pressure^  while  the  othor,  acting 
paraUel  with  the  indined  plane,  urges  the  body  down  it.  The 

magnitude  of  these  two  forces  may  easily  be  obtained  by  construc- 
tion. If  a  b  represent  the  magnitude  and  the  direction  of  gravity, 
we  have  only  to  draw  a  hne  at  right  angles  with  the  inclined  plane 
tlumigh  a,  and  another  paraUel  with  it,  then  join  b  and  and 
diop  the  perpendieokr  h  e.  The  line  a  d  represents  the  amount 
of  pressure  which  the  plane  has  to  support,  a  c  the  amount  of 
force  which  impels  the  load  down  the  inclined  plane,  or,  in  other 
wiurds,  the  pressure  upon  the  plane,  and  the  force  which  tends  to 
move  the  body  parallel  to  the  indined  plane  are  to  the  wdght  of 
tlie  bod^  as  the  lines  a  d  and  a  e  are  to  a 

Bat  the  triangle  abew  similar  to  the  trian^e  R  8  7*  and  a  b  t 
a  c  =  R  S :  S  Tj  and,  consequently,  the  force  which  urges  the 
body  down  the  inclined  plane  is  to  its  weight  as  the  height  of  the 
plane  is  to  its  length*  If  we  denote  by  x  the  angle  which  the 
iBdined  plane  makes  with  the  horiaon,  then  it  is  evident  that 
a  c  a  a  i  m.  #  and  besssab  cat.  m;  md,  flierefore,  if  P  repre- 
•ents  the  weight  of  the  body,  the  pressure  which  the  plane  has  to 
•upport  is  equal  to  P  cos.  and  the  force  that  urges  the  body 
down  the  plane  is  equal  to  P  sin.  x. 

We  will  attempt  to  make  this  point  clearer  by  the  fol* 
lowing  illiistratbn.   If  we  lay  a  load  in  a  little  carri^,  and 
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phoe  it  Ujfoa  aa  incKnad  plane,  it  will  roll  down;  this  ntef, 
hmrnm,  be  Undered  by  attiifthing  to  the  ovxiege  m  linfl^  piwini^ 
round  a  pulley^  and  baving  the  weight  P  soflpended  from  its  oAer 

extremity.  Supposing  the  little  carriage  and  its  load  to  weigh  100 
ounces^  and  the  angle  x  to  be  SO**,  then  S  T  =  \  R  S,  and, 
oooaeqaentlyi  a  e  =  i  a  b ;  that  ia  to  say,  the  force  which  urges 
the  eanii^  down  the  plane  ia  equal  to  the  half  of  ita  weig^  Mid 
the  eanriage  will,  therefore,  be  prevented  from  rolling  down,  itwt 
make  the  weight  P  equal  to  50  ounces. 

If  the  angle  x  were  19^  30^,  then  would  S  T  =^  i  R  S,  smd 

100 

then  the  wei^t  P  need  only  be       s  88  oonoea  to  prenreat  the 

carriage  from  rolling  down  the  plane. 
Am  nn.  14P  fXy  nearly  =s     that  ia  to  say,  when  the 

100 

w^l4fW  8T=^i  li  5,  in  thia  caae  Pmnat^  ^  ^  » 

ounces. 

In  order  to  make  eqperimenia  with  refiarenee  to  diffiBient  ang^ 
of  inclination,  we  mnat  nae  a  poHahed  boardf  whidi  by  meana  of  m 

binge  is  so  secured  to  a  fixed  horizontal  board  as  to  admit  of  being 
placed  at  any  angle  of  inclination  that  may  be  required.  The 
pulley  round  which  the  line  is  passed  may  be  secured  to  the  board, 
but  we  may  alao  eaaily  make  nae  of  one  o[  the  rods  in  Fig.  7  for 
ihia  pnipoae,  aa  the  alide  may  be  poahed  op  and  down  to  vaiae  or 
depreaa  the  polley  to  the  elevation  required.  Inatead  of  attaching 
the  weight  P  directly  on  the  line,  we  lay  it  in  a  scale  which  has 
been  weighed,  and,  together  with  its  contents,  must  be  made  e^ual 
to  the  computed  weight  P. 

We  daily  see  the  practical  application  of  the  incbned  plane. 
Bvety  road  leading  up  an  aaoent  ia  an  inclined  phne,  on  whidi 
wog^ta  are  lifted  from  Talleya  to  the  aummit  of  biUa ;  for  inatanoe, 
ill  order  to  draw  a  loaded  waggon  up  a  hilly  road,  besides  the 
force  necessary  to  overcome  the  friction  (which  is  likewise  required 
upon  even  ground),  we  must  apply  another  force  to  sustain  the 
equilibrium  with  that  portion  of  grarity  acting  parallel  with  the 
indined  plane,  and  which  increaaed  with  the  ateepneaa  of  the  roadL 
For  this  reaaon  it  ia  preferable  to  make  a  road  winding  drcuitously 
round  a  hill,  instead  of  carry  ing  it  directly  upw^ard.  It  frequently 
happens  in  erections  of  almost  every  kind  that  the  materials  for 
building  are  raiaed  to  the  required  height  by  meana  of  itu^infMi 
planea.   Thia  application  of  the  indined  pluie  waa  known  to  the 
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,  and  it  is  highly  probable  that  the  Egyptians  availed 
tlmadfet  of  it  in  ocd»  to  nuae  thelrage  bkcka  of  tUme  which 

they  employed  in  eonstnicting  their  pyramicb. 

The  Screw  ia  an  inclined  plane  wound  round  a  cylinder.  Let 

a  b  c,  Fig.  12,  be 
a  rectangular  piece 
of  pspcr  whom  ho> 
riiontal  aMky  mb, 
is  equal  to  the  cir« 
cumference  of  the 
cylinder^  Fig.  11^ 
the  paper  be  so 

the 
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eylinder  that  a  b  shall  form  the  periphery^  of  its  base^  the  hypo- 

thenusc  a  c  will  wind  round  the  cylinder  in  an  uniformly 
ascending  curved  line,  op  q  r;  if  the  point  a  coincide  with 
the  point  o,  b  will  also  coincide  with  o,  and  c  will  be  vertically 
o?eroair«  The  eonred  fine  o |»  g  whieh  is  represented  in  oar 
figiffc^  is  termed  the  thread  of  the  sereir;  end  its  re?erw  side  has 
been  drawn  white  in  order  to  show  the  entire  eorvaturfs  of  the  fine 
from  0  to  r,  is  the  distance  of  two  contigu(Mis  threads. 

If  we  imagine  a  triangle  continued  along  the  thread  of  the  screw 
round  the  cylinder^  we  obtain  a  screw  with  a  triangular  thread,  as 
m.  IS.      no.  14.    shown  in  Fig.  18  j  snd^  if  we  siqvpose  a 

paraUelogrsm  wound  in  fike  manner  round 
the  cylinder,  we  have  a  flat-threaded  screw, 
as  represented  in  Fig.  14.  A  screw  cannot 
by  itself  be  applied  to  remove  or  lift  heavy 
weights,  or  to  exercise  any  strong  pres* 
sure;  for  to  eflfect  these  purposes  it  mnst 
be  BO  oomhined  with  a  serew-box  or  nut 
(which  is  a  concave  cylinder,  on  the  interior  of  which  a  corres- 
ponding spiral  cavity  is  cut)«  that  the  elevations  of  the  one  may 
accurately  fit  into  the  depressions  of  the  other.  If  we  suppose  the 
screw  to  be  fixed  vertically,  then  every  revolution  must  cause  an 
elefation  or  depression  of  the  nut.  If  a  weight  lying  in  the  nnt 
should  be  raised  by  the  turning  of  the  screw,  it  is  evident  that  the 
same  principles  are  at  work  here,  as  in  an  inclined  plane  of  equal 
elevation.  The  steepness  of  the  convolutions  of  the  screw  is 
inrasdy  proportional  to  the  distance  between  two  contiguous 
threads  as  compared  with  the  circomference  of  the  qrfinder. 
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The  aaew  is  used  partly  to  lift  heavy  wei^ta,  and  partly  to 
■oatam  great  presaore,  the  reaiataiiee  aotiog  in  aoma  caaea  190D 
ike  screw  itadf,  and  in  othera  upon  the  serewJiox.   In  fstimatiig 

the  effect  of  a  screw  we  must  not  lose  sight  of  the  fact  that  friction 
])lay.s  a  conspicuous  part  in  its  action  ;  but  of  this  wc  shall  speak 
presently.  In  order  to  make  use  of  the  screw  as  a  poweriui 
machine^  the  turning  Ibrce  ia  not  applied  directly  to  the  dreim- 
ftrenoe,  but  to  a  lever,  or  arm,  aa  we  may  obaerve  in  all  acrcsr- 


k 


The  Wedge. — Another  form  of  api>lying  the  inclined  plane  is  tl 
wedge,  which  is  used  to  cleave  wood  and  masses  of  stone.  By 
919. 15.  thrusting  wedges  under  their  keelsj  ships  are 

raised  for  the  purpose  of  being  repaired  ia 
the  docks.  The  wedge  ia  tihe  principal  agoit 
in  the  oil-mill.  The  seeds  from  which  the 
oil  is  to  be  extracted  are  introduced  into  hair 
baprs,  and  ])lHced  between  pieces  of  hard  wood.  Wedges  inserted 
between  the  bags  are  driven  by  allowing  heavy  beams  to  fall  on 
them.  The  preaaure  thna  excited  ia  so  intenae  that  the  aeeda  in 
the  bags  are  formed  into  a  mass  nearly  as  solid  as  wood.  All  our 
cutting  implements^  as  knives,  chisels,  scissors,  are  nothini^  more 
than  wedges.  It  must  be  pt  rt'octly  clear  to  every  one  that  the 
action  of  the  wedge  may  be  referred  to  that  of  the  inclined  plane. 

The  FuUey  ia  a  round  thin  disc^  hollowed  out  on  its  ed^BB,  and 
turning  upon  an  aiia  passing  through  ita  centre  at  rig^t  tofj^M 
wiUi  its  plane. 

We  divide  pulleys  into  the  lixed  and  moveable.  Fixed  ])ulleys 
are  such  as  have  an  immoveable  axis,  and  simply  allow  of  things 
being  turned  round  them.  If  a  string  or  line  be  passed  round  a 
part  of  the  dreumference  of  a  fixed  pulley,  and  forcea  act  at  either 

exknaaaty,  a  state  of  eqnilihrium  will  not  be 
brought  about  unless  the  fbree  which  stretcbea 
the  line  on  the  one  side  be  equal  to  the  force 
acting  on  the  other.  Fig.  16  represents  a  pulleyj 
e,  moving  round  a  fixed  axis,  and  the  line 
stretched  by  forcea  acting  in  the  directiona  a  h 
and  de,  LP  we  suppose  the  lines  d  e  and  «  b 
prolonged  to  their  intersecting  point,  m,  it  is 
evident  that  it'  m  were  a  point  connected  wiih 
^  the  pulley,  we  could  change  the  points  of 
^  application  of  the  two  forces  from  a  and    to  ai 
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widMmt  ahering  anything  in  the  action ;  and  thnt  we  shocild  have 
two  forces  meeting  at  w,  which  could  only  be  in  equihbriuin  if 
their  resultant  were  so.  If  the  two  forces  meeting  in  m,  and 
acting  in  the  directions  m  b  and  tn  «^  are  €q[iial,  their  resultant  will 
biaeet  the  angle  hme,  and  will  then  paaa  through  the  fixed  central 
pomlej  and  we  tfaaO  ha?e  a  condition  of  equilibrinm.  If  one  of 
the  two  fineea  be  greater  than  the  other,  the  rcBultant  will  no 
longer  pass  through  the  fixed  point,  and  comequently  equilibrium 
will  not  be  maintained. 

IS.  The  pvessore  whieh  the 

/  ana  of  the  poDe^  haa  to 
snstain  mnst  dearly  be 

equal  to  the  resultant  of 
the  two  forces  ;  and  if  the 
directions  of  the  forces  be 
penile],  as  in  Fig.  17,  the 
pcessnre  upon  the  axis  is 
equal  to  the  sum  of  the 
two  forces,  in  which  we  might  also  include  the  weight  of  the 
palley.* 

A  moveaUe  pnll^  cannot  be  in  equilibrium  nnless  the  forces  by 
whieh  the  two  ends  of  the  string  are  sfaretdied  are  equal  to  one 
another,  for  in  this  case  only  does  their  resultant  pass  through  the 

central  point  of  the  disc.  The  action  of  this  resultant  is  not 
arrested  owing  to  the  fixed  condition  of  the  axis,  but  owing  to  there 
being  a  third  power  in  the  axis  in  the  direction  of  the  resultant, 
which  is  equal  and  opposed  to  it.  This  third  power  is  usua% 
applied  to  a  hook  tetened  on  the  bkwk.  At  Fig.  18  it  is 
represented  by  a  weight. 
When  the  two  ends  of  the  line  passing  round  the  moveable 

•  It  mliilit  be ol||eetod  that tidt  k  aigdaa  ^  *  eifde$  lar  we  hsfe alnedjr  wed 
ttepolley  at  an  expcrtDCBtal  ffloetntkMiof  the  oomotiMei  of  the  froperiiieaefllie 
paranelognun  of  ibveet,  and  now  we  deriTe  tiie  oeedttioae  of  eqnflflirhiin  in  a  paDey 

from  the  peiaUelognun  of  forces.  This,  however,  is  not  so  unrcasoBibk  as  it  may  et 
first  sight  appear;  for,  although  the  conditions  of  equilibrium  between  all  the  foroea 
actine  on  a  pulley  ran  only  be  understood  in  all  their  bearings  by  means  of  the  theory 
ofthr  )>ar.i]l»'lotrratii  of  forces,  wc  may  easily  perceive,  even  without  any  knowledge 
of  these  laws,  that  the  jtowers  acting  on  l>oth  ends  of  a  string  (the  tension  of  the 
string  remaining  constant)  passed  round  a  pulley  must  he  equal  if  they  are  to  he  in 
equilihrium  ;  for,  as  each  force  tends  to  turn  tlie  pulley  in  an  opix)site  direction,  a 
state  of  equilibrium  can  only  he  hrouitlit  ahout  when  these  forces  are  equal,  as  must 
already  have  been  made  evideut  to  ail  in  our  illustration  in  Fig.  7. 
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poll^  ne  pvtOd  to  mk  odior  as  in  Fig.  19, 
it  it  endmt  that  the  fom  with  which  each  end 

IB  di-awn  is  half  as  ^c&t  as  the  weight  banging 
to  the  block.  When  two  groups  of  pulley:^  q[ 
which  the  one  is  fixed,  and  the  other  mote- 
•bky  are  to  eooneoted  bj  a  hue  that  the  latter 
may  paaa  item  the  one  to  the  oAer,  we  lune 
a  system  of  pulleys. 

Fig.  20  represents  a  system  consisting  of 
three  iized  and  three  moveable  pulleys.  The 
weight  q  which  is  attached  to  the  eonunon 
hkxdL  of  the  three  moveable  poUeyB  is  aap- 
ported  by  the  m  lines  whieh  eonneet  the 


upper  and  lower  pulleys  ;  and  consequentlv. 
i  as  the  weight  is  ttpiully  divided  between  the 
lines,  each  is  drawn  by  one  sixth  of  the  weight 
q:  and  if  sixty  poonds  weight  were  anspended 
to  the  bottom,  eadi  line  woold  be  diacwn  upon 
by  a  force  of  ten  pounds. 

If  we  observe  the  external  line  to  the  left 
side  which  connects  the  lowest  of  the  move* 
able  pulleys  with  the  highest  of  thoae  that 
fixed,  we  shall  see  that  this  line  runs 
the  top  pulley,  and  hangs  freely  down  on  the 
right  side.  Now,  in  order  to  establish  a  state 
of  ecjuilibriuni,  it  is  necessary  that  the  tension 
of  the  line  should  be  equal  on  the  two  sides  of 
the  upper  pulley;  and  as  we  have  seen  thai  tlie 
Ime  to  the  left  is  drawn  with  the  faro  of  one 
sixth  of  the  weight  at  q,  it  is  neeessaiy  to 
attach  a  weight  equal  to  one  sixth  of  q  to  the 
end  of  the  line,  in  order  to  obtain  a  state  of 
equilibrium.  We  may,  therefore,  again  poise 
ight  of  aixty  poonds,  by  attrhing  to  tiie 
line  a  weight  of  ten  pounds. 
As  the  amount  of  weight  bearing  \i\yon  the  lines  depends  upon 
their  number,  that  is  the  number  of  pulleys  composing  the  system, 
it  follows  that  another  relation  will  be  established  between  the 
forees  and  weights,  but  this  can  readily  be  obtained  by  a  ahnilar 
mode  of  dednetion. 
Tke  Lever. — Suppose  a  line  passed  round  a  pulley,  to  the  end 
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off  wbiflh  the  weight  p  (Fig.  21)  k  attedied  j  wfcflrt,  on  the  otber 
tke  Ime  k  drawn  in  the  direction  a  b,  with  a  force  equal  to 
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the  weight  p.  Here,  how- 
ever, according  to  the  theoiy 
of  theperallelognm  of  Ibteee, 
we  nii^  deeompoeethe  Ibrees 

meeting  at  a,  and  acting  in 
the  direction  a  b,  into  lateral 
forces,  one  of  which  acta  in 
the  diiectkm  of  d  from  a, 
beiiig  a  pfolangitian  of  the 
direeliaD  of  the  ndms  ma, 
while  the  direction  of  the 
other  force  a /is  parallel  with 
HP- 

Ifthe  polkjbefiaBd,  the 
aetioii  of  tibe  feree  « il  win  be 

counteraeted  by  the  resist- 
ance of  the  fixed  central 
point  m;  we  may,  therefore,  entirely  remove  the  component  force 
aetmg  m  the  diieetMm  a  without  diitiiibmg  the  eqiiilihriiiiiiy 
and  we  may  zcphMe  the  aetire  fbree  a  6  by  Ha  eomponeiit  ftiee 
■lelnig  in  the  direetkm  of 

If  the  line  a  c  represent  the  force  p  acting  in  the  direction  a  b, 
then  the  Une  a  f  will  give  the  amount  of  the  component  force  P, 
and,  without  further  workiiig  out  the  relations  of  size  between  a  e 
and  m/orp  and  we  tee  at  once  that  P  muat  be  burger  than 
p;  we  might,  timfore,  without  diaturbhig  the  equilibinmi, 
replace  tiie  force  p,  acting  in  the  direction  a  ^  by  anotiier  furce 
P,  likewise  actiii"^  at  a,  but  in  a  vertical  direction. 

Instead  of  letting  the  force  P  act  directly  at  a,  we  may,  without 
diatnrbing  the  equilibnum,  choose  any  part  of  the  line  ^  /  as  the 
point  of  gypbcatiop ;  we  may,  for  instance,  let  the  force  Pact  at 
the  point  k,  whm  the  fines  a  f  and  g  m  intersect  eadi  other,  and 
thus  we  have  two  rectangular  forces  p  and  P  in  a  state  of  equili- 
brium, at  the  ends  of  a  straight  line  h  g  revolving  round  m. 

no.  22.  Xhe  two  forces  are  unequal,  as  their 

f  leapectife  points  of  iqpplication  at  h  and  g 
are  at  uneqpial  distances  from  the  foJcrum  ai. 
We  have  now  to  ascertain  the  relation  whidi 


exists  between  the  magnitude  of  the  forces  p 
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But  the  lengths  a  c  and  a  /  are  to  each  other  as  the  forces  p  and 
.  P ;  thus  we  have 

p :  P  ^  h  m:  am, 

and  sinee  «  M  =s  ^  fliy 

p:  P  t=  km: p  wt, 

or 

p:P  =  L:/     ....  (1), 
if  we  make  the  length  h  m  =  L  and  g  m  =  I.    Or,  to  express 
the  same  fact  inwards^  we  may  say  that  the  forces  P  and  p  bear 
an  inmae  ratio  to  the  distances  of  their  pointa  ot  afipiicatioa  fim 
the  fdlcmm  m. 

A  straight,  inflexible  rod  taming  round  a  fixed  point  is  called  a 

lever.  If  two  ()p])ositc  forces  at  right  angles  to  its  direction  be  a]iplied 
at  two  different  points  of  a  lever,  a  state  of  equilibrium  will  be  estab- 
lished when  the  above  condition  has  been  fulfilled.  The  distanee 
of  thepointof  sfiplicationof  afarcefrom  the  falemm  is  called  the 
ann  of  the  kfcr ;  and  we  niqr>  therefore,  ihns  express  the  con^^ 
of  eqnilibritun  in  the  lever.  Two  forces  tending  to  draw  the  lever 
in  opposite  directions  are  in  equilibrium  when  they  bear  au  inverse 
pro}>ortiou  to  the  corresponding  arms  of  the  lever. 

If,  iat  instance^  the  arm  A  at  (Fig.  2Sl)  was  half  the  length  of 
p  My  then  P  most  he  twice  as  laife  asp.  A  Hofce  p  magr  be  in 
equilihrinm  with  a  hundredfold  larger  force  P  if  the  arm  m  5  be 
100  times  as  long  as  the  arm  h  m. 

From  the  proj)(>rtion  (1),  it  follows  that  P  L  =  p  I,  that  is 
to  say,  in  order  that  two  ibrccs  in  a  lever  shall  be  in  equilibriiun, 
it  is  necessary  that  the  products  of  the  force  and  the  distance 
at  which  it  acts  from  the  fokram  be  equal  for  both  foreea.  I( 
for  instance,  the  foroe  pss6  ounces,  and  the  arm  be  18  in^^es, 

it  would  he  necessary,  in  order  to  bring  tluni  to  a  state  of 
equilibrium,  to  have  on  the  other  side  an  arm  three  times  shorter, 
that  is,  4  inches,  acted  on  by  a  force  three  times  greater,  that  aa^ 
8x6x=s  18;  it  ii  e?ide&t  that  the  product  6x12 is  equal  to 
the  product  4x18. 

The  product  obtained  by  multiplying  the  force  by  the  arm  of  the 
lever  is  called  the  sfaiic  moment  of  the  force.  We  may  also  define 
the  static  moment  of  a  force  as  that  force  which,  acting  at  au  arm 
of  one  unit  on  the  opposite  side  of  the  fulcrum,  shall  preaerre  the 
state  of  equihbrium. 
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In  1%.  S8,  if  we  aMDme  that  the  ibroe  to  the  rig^t  ss  6,  and 

F,o.  23.  the  arm  of  the  lever  =  6,  the  static 

moment  of  the  force  will  be  5x6 
=  30 ;  then,  if  the  force  on  the  left 
hand  is  to  be  in  a  atate  of  eq[iiilibriom 
with  the  Honner,  the  atatic  moment 
of  the  two  mnat  be  equals  and  the 
force  acting  on  the  left  side  on  an  arm  equal  to  8  must  have  a 
valve  of  10.  But,  instead  of  letting  the  force  6  act  on  the  arm  of 
length  5,  we  might,  without  disturbing  the  equilibrium,  apply  a 
fiomof  80oiitheannoflengthl;andy  in  like  manner,  the  force 
10  aeting  on  the  other  ride  of  the  lerar,  which  equals  3,  may  be 
replaced  by  a  force  of  30  acting  at  an  arm  equal  to  1. 

WTien  several  forces  act  on  'each  side  of  the  fulcrum  a  state  of 
equiUbnuui  will  be  established,  if  the  sums  of  the  static  momenta 
on  each  aide  be  eqnaL   For  example,  in  Fig.  24  a»  ia  the  ftikram, 

Fi«.  24.  snd  on  one  ride  the  force  6 

m  I    i    i    i    i    i        ^      «™     the  fofec  % 

on  the  ann  4,  and  the  force 
4  on  the  ann  6,  while  on  the 
other  side  the  forces  10  and  3 
aet  cn  the  am  8  and  4.   Now>  all  theae  forcea  wiU  be  in  a  atate 
of  eqmlSnium,  for  the  anma  of  the  atatie  momenta  of  both  aidea 
are  equal.    The  sum  of  the  static  moments  on  the  one  ride  is 
5x2-f2  x4-|-4x  6  =  42,  and  the  sum  of  the  same  forces 
on  the  other  side  i8l0x3  +  3  x  4  =  42.    Instead  of  the  force 
5,  which  acts  at  the  distance  2,  we  might  have  the  force  10  at  the 
distance  1 ;  tbna  also  the  foma  2  and  4,  acting  at  the  diatancea  4 
•nd  6,  may  be  replaced  by  two  cAer  forces,  8  and  24,  acting  at 
right  angles  to  arm  1 .    We  may  likewise  substitute  the  forces  10, 
8,  and  24,  acting  at  the  distance  1,  tor  the  forces  5,  2,  and  4, 
acting  at  the  distances  2,  4i,  and  6  respectively ;  or,  in  other 
words,  we  may  replace  the  three  forcea  6^  2,  and  4,  acting  on 
thrir  different  anna,  by  one  ringle  force  of  42,  acting  at  the 
distance  1.   On  the  other  ride  we  may  also  anbstitnte  two  forces, 
30  and  12,  acting  at  an  arm  1,  lor  the  forces  10  and  3,  acting  at 
the  distances  3  and  4 ;  or  We  may  make  use  of  a  single  force  of  42, 
acting  at  a  distance  1.    As  the  sums  of  the  static  moments  are 
ei|Qri  on  both  ridee^  a  atate  of  equilibrium  mnat  be  maintained. 
The  eonuBon  ate^fard  fomiahea  ua  with  a  good  example  of  ^e 
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application  of  the  lever^  and  fig.  25  may  aerve  to  elucidate  the 

prindplea  of  this  "^•^w^.  A 
levor  is  moveable  about  tbe 

p<nnt  a,  lAak  a  aeale  is  m^- 

pended  at  r,  to  receive  the 
weight  acting  upon  the  arni 
a  r,  and  thia  weight  is  k^t  in  equilibrium  by  a  sliding  weight  at 
the  other  ann  of  the  lever.  The  heavier  the  weight  ia,  the  fkntber 
moat  the  sliding  weight  be  removed  from  thefidemm  r. 

In  such  a  lever  as  we  have  been  considering,  the  fulcrum  lias  to 
sustain  a  resistance  equal  to  the  sum  of  the  forces  on  both  sides  : 
it  may  also  be  in  equilibrium  when  the  fulcrum  is  not  iized,  but  is 
moved  by  a  power  actiiig  in  aecmtcary  durection^  but  equal  to  tbe 
warn  <ji  the  other  finoea.  Kg.  26  eiplaina  thia.  Let  va  mmamt 
m,  26.  tihat « is  the  fixed  fblcrom  of  a  lever  m  st,  at 

the  ends  of  which  the  forces  P  and  P'  balance 
each  other.  Their  equilibrium  will  not  be 
bv  disturbed  by  the  fulcrum  c  ceasing  to  be 
fizedt  ^  »  «  ^  attached  to  k,  whiA 
aball  be  equal  to  the  aom  of  P  and  p,  and 
act  in  an  upward,  aa  the  foroea  P  and  P* 
draw  in  a  downward  direction. 
We  may  regain  either  of  the  three  points  7?i,  Cy  or  %  aa  tixed 
without  diatnrbing  the  equilibrimn*  If  one  of  the  extreme  pointi^ 
n  fat  inatanoe^  be  fixed,  we  have  a  one-anned  lever;  that  ia^  one 
in  whidi  tbe  two  fbfeea  N  and  P  act  on  the  same  aide  of  tbe 
fulcrum  n.  He  two  forces  have  in  this  case  o})positc  directions, 
and  the  pressure  upon  the  pomt  of  support  is  equal  to  the  diffe- 
rence of  the  two  forces  P  and  N.  The  arm  of  the  force  P  is  /  + 
if  we  deaignate  the  length  m  c  aa  (  and  the  length  n  e^mV  ;  tbe 
aim  of  force  iVia/'.  If  c  bad  been  the  fixed  fdlcmm  we  dKmU 
have  bad  aa  a  requisite  condition  <^ equilibriums— 

and,  consequently, 

If^  therefore,  the  forces  N  and  P  acting  in  opposite  directions  are 
to  be  in  equilibrium,  they  must  be  inversely  proportionate  to  the 
lei\gth  of  the  arms  at  which  they  act. 
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27.  Fig,  27  shows  the  applica- 

tion of  a  single-armed  lerer. 
The  valve  p  which  closes  the 

opening  of  a  boiler  is  forced 
up  by  the  pressure  of  the  steam,  but  this  pressure  is  c(iuipoiscd  by 
a  much  smaller  force,  the  weight  n  acting  downwards,  because  r 
sets  at  a  longer  arm  than  the  pressure  on  the  under  surfiace  of  the 
valve. 

no.  28.  The  two  extreme  points  (Fig.  28)  m 

and  11  of  the  rod  m  n  may  be  lixed,  while 

a  force  A''  acts  at  e ;  so  that  the  point  m 
has  a  pressure  p,  and  the  point  n  a  pressure 
p'  to  support.  When  two  men  carry  a  load 
hanging  to  a  rod,  each  one  supporting 
an  end  of  the  rod  on  their  shoulders, 
they  have  between  them  the  whole  weight 
to  carry ;  and  when  it  hangs  esactly  in  the  middle  of  the  pole, 
it  will  be  equally  divided  between  them  ;  but  if  the  load  should 
be  hung  nearer  to  one  of  them,  he  will  have  the  most  weight 
to  support.  Supposing  that  the  appended  load  weigh  100  Iba., 
the  pole  be  6  feet  long,  and  that  the  load  hang  2  feet  from  one, 
and  8  feet  from  the  other  end,  then  the  shoulders  of  one  bearer 
win  have  to  support  a  pressure  of  60  lbs.,  and  those  of  the  other  a 
pressure  of  40  lbs. 

We  have  hitherto  oidy  considered  the  forces  acting  at  right 
angles  to  the  lever ;  equilibrium  may,  however,  be  established 
without  thia  being  the  case, 
via.  S9. 


i 


In  Fig.  29  n  is  the  fixed  point 
of  the  lever  a  6 ;  at  a  the  force 
p  acts  in  the  direction  a  e,  and  at 

b  the  force  q  in  the  du  ^  ction  b  d, 
the  forces  p  and  q  bearing  the 
same  relations  to  each  other  as 
the  lines  a  c  and  b  d.  According 
to  the  law  of  the  parallelogram 
d  of  forces,  p  may  he  decomposed 
into  two  forces,  of  which  the  one  /?'  acts  at  right  angles  io  abf 
while  the  other  acts  in  the  direction  of  a  b.  In  the  same  way  q 
may  be  decomposed  into  two  forces,  of  which  one  q'  act  at  right 
angles  to  a  b,  and  the  other  in  the  direction  of  that  line. 

The  action  of  the  two  component  forces  which  act  in  the  direc- 

n 
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tioD  of  the  line  a  b  ib  evidently  fully  counteracted  by  the  resiaUner 
of  the  filed  pomt  ii^  tliiia  keviog  mify  Uie  Mtkm  of  the  foveee  / 
and  ^.   We  may,  therefaie,  enbatitiite  the  oompoiiait  teeei  y 

and  acting  at  right  angles  to  the  lever  in  place  of  the  Ofr^inal 
forces/?  and  q.  A  state  of  equilibrium  will  be  established  if p'  and 
q'  correspond  in  m  inverse  ratio  to  the  length  of  their  ann»— 
that  ii,  if 

or  if 

q'  xn  b  =  p'  xn  a. 
If  we  prolong  the  direction  of  the  force  p,  and  draw  n  o  (  = 
perpendicular  to  it^  we  have  the  triangle  a  o  n,  which  ia  aimilar  to 
the  triangle  whose  hypotheniiae  ia  p,  and  one  of  whoae  aidea  la  f^; 
and  from  thia  it  loUowa  that 

p  .p*  ssan:  I 

and  consequently  that 

p  X  I  =  p'  X  a  n. 

The  force  p^  acting  obliquely  on  the  arm  a  n,  acta  exactly  the 
lame  as  the  component  force  acting  at  the  aame  point  tmi 
alaoaaif  the  force  p  aeted  at  rig^t  anf^  to  a  ahorteoied  moi, 
which  ia  found  by  lettmg  fall  a  perpendicular  firom  the  folcmm  a 
upon  the  direction  of  the  force. 

The  moment  of  an  oblique  force  is  found  by  multiplying  the 
force  by  the  perpendicular  let  £all  upon  the  direction  of  the  force 
from  the  axis. 

Thna  the  oblique  force  g  acta  aa  if  it  met  the  ann  of  the  km 
II  m  at  right  angles^  and  the  two  foroea/i  and  g  axe  in  eq[iiiliiiciai 

when  pxon  =  qxnfn, 

no.  30.  By  the  same  process,  we  find  the  moment 

of  the  forces  when  the  lever  does  not  form  a 
straight  line.  When  any  fixed  system  toni 
round  a  fixed  azu,  the  foroea  that  tend  ta 
turn  it  round  the  axis  follow  the  laws  of  the 
lever ;  and  these  we  therefore  find  applied  in  uuiny  machines,  which 
may,  therefore,  be  divided  into  more  or  less  complicated  systems 
of  levers.  In  the  windlass  and  capstan  (Figs.  81  and  32)  the 
weight  r  oonesponds  to  the  eoonteraetiiig  force  ji  in  an  invcna 
ratio  to  the  arms  of  the  lever;  that  ia,  inversely  to  the  radii «  b 
and  e  d.  If,  for  example,  the  radius  a  6  of  the  axle  is  four  times 
less  than  the  radius  c  d  of  the  wheel,  we  may  equipoise  a  weight 
of  100  lbs.  by  a  force  of  25  lbs. 
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The  capstan  (Fii<.  32)  only  diflTera  from  the  wincUaas  by  having 
its  revoUinc:  axis  placed  vertically,  and  thus  a  comparatively  mn^W 
force  is  required  at  p  to  move  the  weight  r. 

When  two  parallel  forces  acting  at  right  angles  to  a  lever  are 
eqiaipoised,  the  equilibrium  will  not  be  disturbed  if  we  inoeaae  or 
dtwiiniah  them  m  equal  proportions,  or  if  we  keep  the  forces 
pttaHel  to  each  otiier  in  altenng  their  direction.   If^  for  instance, 
vio.  33.  the  forces  a  b  =  p  and  c  d  =  acting 

jt  ^     ^    on  the  lever  a  c,  are  e(|uij)oised,  the 

^t/^r'  y    In  equilibrium  will  not  be  disturbed  if  we 

let  the  forces  act  in  the  parallel  directions 
a  t  and  ef^  for  the  oblique  force  p  acts 
in  the  same  manner  as  its  rectangular 
component  and  the  oblique  force  q 
as  the  rectangular  force  q' ;  and  />'  q'  will  certainly  maintain  a 
condition  of  equilibrium  if  it  exists  between  the  forces  p  and  g, 
acting  perpendicularly  to  the  lever. 

Centre  of  Grmnty, — A  heavy  body,  whatever  be  its  size,  may  be 
legaided  as  a  combination  of  innumerable  material  points,  acted 
upon  by  gravity.  All  these  forces,  although  innumerable,  may  be 
replaced  by  one  single  force  acting  at  a  fixed  point.  This  single 
force,  which  is  nothing  more  than  the  sum  or  the  results  of  all  the 
individual  actions  of  gravity,  is  termed  the  weight  of  a  body,  and 
the  point  at  which  the  resultant  acts  the  centre  of  gravity. 

This  definition  is  soffieient  to  prev^t  weight  and  gravity  from 
being  confounded.  Gravity  is  the  elementary  force  wbidi  acts 
directly  upon  all  the  particles  of  matter,  while  tbe  weight  of  a  body 
is  the  sum  of  the  actions  which  gravity  exercises  upon  this  body. 

It  is  very  important  to  be  able  to  ascertain  the  weight  of  bodies 
and  their  centre  of  gravity,  since  we  can  then  substitute  one  single 
fofce,  namely,  the  weight,  for  all  the  elementary  forces  acting  on 
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the  body ;  and  one  single  pointy  namely,  the  centre  of  gravity,  for 
the  collective  points  forming  the  body.  We  may  thus  consider  a 
hea\y  mass,  whatever  be  its  aue  and  lam,  as  a  smgle  pointy  on 
whidi  one  single  force  acts. 

In  a  heavy  body^  poaaessing  an  eilenaion  of  even  aome  Irandied 
metres,  the  direction  of  gravitation  win  he  not  only  pecfectly 
parallel  for  all  the  molecules,  but  also  perfectly  equal  for  all, 
because  all  the  molecules  will  fall  with  equal  velocity  in  vacuo. 
The  centre  of  graoUy  is  consequently  n^Hing  more  than  the  oeotie 
of  parallel  and  equal  forces,  where  the  portion  does  not  dmnge 
when  the  position  of  the  body  with  leapeet  to  the  direetioo  of 
quantity  changes. 

We  deduce  from  the  laws  of  the  action  of  parallel  forces  the  fact 
that  every  solid  body  must  have  such  a  centre  of  gravity.    If  an 
m.  84.  immovable  straight  line  a  b  (Fig.  34)  be 

supported  at  its  centre  and  loaded  st  both 
ends  with  eqnal  weig^tsy  the  whole  will  be 
in  equilibrinm,  in  whatever  direction  the 
5  line  be  turned  round  the  point  at  which  the 
central  force  acts,  whether  the  line  be  in 
[1  the  position  ab,  or  in  the  positicm  u  Lst 
B  ^  assome  that  the  two  pmnts  a  sad  b  ne 

I  two  heavy  moleenles,  connected  by  the 
*  straight  rigid  rod  a  b,  supposed  devoid  of 
weight ;  then  it  is  clear  that  eqiiilibrium  must  occur  if  only  the 
point  c  be  supported,  whatever  be  the  position  of  the  line  a  h* 
The  point  c  woold  be  nothing  more  than  the  centre  of  gravity  of 
the  body  consisting  of  the  two  molecales.  We  may  regard  ^ 
actions  of  the  forces  of  gravity  of  the  two  molecules  combined  at 
the  centre  of  gravity,  without  on  that  account  the  equilibrium 
being  disturbed^    If  at  the  three  angles  of  a  rigid  triangle,  a  b  c 

(Fig.  35),  supposed  to  be  devoid  of 
weighti  three  eqnal  and  paiaUel  Ibceei 
are  at  wcMrk,  it  is  easy  to  ascertain  the 
position  of  their  central  force.  Wc 
may  unite  the  two  forces  acting  at  b 
and  e  in  the  centre  d  of  the  line  b  t 
without  disturbing  the  equilibrinn^ 
and  thus  the  action  of  the  three  foiees 
is  reduced  to  the  action  of  the  two 
acting  at  the  points  a  and  </.  The 


Digitizedby  Go  ^v,.^ 


CXNTU  OW  OJUVITT. 


d7 


force  acting  ai  dia  twice  as  great  as  that  at  a;  i£,  thereforeiy  we 
divide  the  line  a  d,  paanng  thiongh  the  poiiit  m,  into  two  perte, 
of  whieh  the  one  am  is  twice  u  long  as  the  remwrong  ^nidm, 
a  state  of  eqnilihriimi  wfll  necessarily  be  established  between  the 

parallel  forces  2  p  and  acting  at  d  and  a,  if  only  the  point  m  be 
supported,  whatever  be  the  position  of  the  line  a  d.  But  as  the 
force  acting  at  is  only  the  resultant  of  the  parallel  forces  at  b  and 
e,  we  may  take  these  fofoes  themselves  instead  of  their  xesnltsnt ; 
and  thos  it  is  desr  that  the  three  parslld  Ibroes  acting  iia,b,  and 
e  most  be  in  eqaHibrinm  if  the  point  m  be  supported^  or  if  a  feree 
equal  to  3  p,  acting  in  an  opposite  direction,  be  applied  at  m, 
whatever  may  be  the  position  of  the  triangle  in  other  respects. 

If  we  assome  that  a,  b,  and  e  are  three  heavy  molecules,  which 
must  neeessarily  always  retain  the  same  relative  position  towards 
esdi  other,  thai  the  gravity  of  these  molecales  will  act  in  the  same 
manner  as  the  weights  attached  at  a,  b,  and  e,  and  it  is  evident 
that  the  body  consisting  of  the  three  molecules  will  be  in  equili- 
brium if  only  its  centre  of  gra\ity  tn  be  suppoijted. 

Exactly  as  we  can  demonstrate  that  two  or  three  firmly  nnited 
mokcnks  must  have  a  centre  of  gravity,  we  can  likewise  compre- 
hend that  every  4,  5,  6^  &c.^  firmly-nnited  mdecnles  must  lunre 
roch  a  centre  of  gravity,  and,  further,  that  every  solid  body  must 
have  a  fixed  point  of  that  nature,  whatever  be  the  number  of 
molecules  of  which  it  is  composed. 

The  only  requirement  necessary  to  the  equilibrinm  of  a  heavy 
body  is  that  its  centre  of  gravity  should  be  supported.  If^ 
therefiyre,  tbe  centre  of  gravity  <^  a  body  be  a  fixed  pouit,  the 
body  will  always  be  in  equilibrium,  hi  whatever  manner  we  may 
turn  it.  We  may  ])rove  this  by  means  of  a  homogeneous  disc, 
made  to  revolve  round  a  horizontal  fixed  axis,  passing  through  ita 
centre  of  gravity.  If  a  body  be  suppcvted  at  a  pomt  that  does  not 
coincide  with  its  eentre  of  gravity,  it  may  still  be  in  equilibrium, 
although  only  in  two  special  positions,  when  the  centre  of  gravity 
hes  vertically  above  or  below  the  point  of  support.  This  experiment 
is  also  easily  made  by  means  of  a  disc. 

From  these  considerationa  we  may  deduce  a  method  which  will 
enable  us  to  show  by  experiment  bow  to  find  the  centre  of  gravity 
of  a  bo^.  If  we  suspend  the  body  at  a  point  a  (Fig.  36),  the 
direction  of  the  thread  supporting  it  will  pass  through  a  part  c  on 
the  margin  of  the  body.    The  centre  of  gravity  must  necessarily 
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^'  be  in  the  line  a  c.  Now 

if  we  suBpend  the  body 
at  the  point  h  (Fig.  87), 
the  eentre  of  gravity 
will  be  again  in  the  line 
of  prolongation  of  the 
thread,  that  is,  on  the 
line  b  d.  The  centre  of 
gravity  lies,  therefor^  at 
the  point  of  intenection 
of  the  lines  h  d  and  a  e. 
It  is  easy  to  find  the 
centre  of  gravity  of  homogeneous  flat  discs  by  this  method,  but  it 
is  difficult  in  other  bodies  to  ascertain  exactly  the  line  of  prolon- 
gation of  the  thread  through  the  interior  of  the  body. 

The  oentie  ol  gravity  of  homogeneona  bodiea  of  legolar  form  can 
be  dedded  by  aimple  geometrical  oonaiderationB. 

The  centre  of  gravity  of  a  straight  line  liea  evidently  in  the 
middle  of  its  length. 

The  centre  of  gravity  of  a  homogeneous  triangle  (Fig.  38)  is 
found  by  drawing  straight  lines  from  two  of  its  angles  to  bisect 
the  opposite  sidea.  The  point  of  interaection  g  of  these  two  lines 
is  the  required  centre  of  grarity.  The  truth  thia  assertion  is 
no.  38.  easily  proved.  The  point  m  ia  the  centre  of 
gravity  of  the  straight  line  b  c.  If  now  we 
suppose  any  straight  line  drawn  parallel  with 
6  c  in  the  triangle,  it  will  evidently  be 
bisected  by  the  line  am;  on  the  line  a  m  lie, 
therefore^  the  centrea  of  gravity  of  all  the 
lines  in  the  triangle  parallel  with  be;  and 
a  m  is,  so  to  speak,  a  line  of  gravity  of  the 
triangle,  and  the  centre  of  gravity  must  evi- 
dently lie  in  a  m.  This  reasoning  shows,  however,  also  that  the 
centre  of  gravity  must  lie  in  the  line  a  b. 

The  point  ^  is  so  situated  that  y  m  =  ^  a  m,  aadgn  =  ^  6  n. 
To  prove  thiai  let  the  line  m  n  be  drawn^  it  ia  evident  that 
mnss  \  b  a.  But  the  triangles  gmn  and  ^  a  6  are  similar^  and 
hence  it  follows  that  g  m:  gassmniba.   Conseqoently,  that 

gm=^  i  a  g. 

The  centre  of  gravity  of  a  polygon  (Fig.  39)  is  found  by 


i^iyiu^cd  by  Google 


rnqmrnmum. 


89 


m.  40. 


m«  41. 


m.  48. 


dmding  Hm  flgim  into  triaDgbiy 
and  thai  deteniiidiig  €kt  eentre 

of  gravity  of  etch  triangle.  As  the 
forces  acting  upou  the  centres  of 
urravity  of  the  triangles  are  propor- 
tuMial  to^the  am  of  the  triangles,  we 
hK9%  only  to  seek  the  resultant  of 
tbflR  Ibreea  by  the  rules  almdjr  kUl 
down. 

The  centre  of  gravity  of  a  triangu- 
lar pyramid  (Fig.  40)  is  found  hy 
drawing  fines  ftom  the  anf^t  anda 
towsBrdfl  the  centres  of  gmvily  y  and 
of  IIm  opposite  triangles.  Tlie 
point  of  intersection  of  these  two 
lines  is  the  centre  of  gravity.  It  is 
easy  to  prove  that =  i  ^ 

The  centre  of  gravity  of  a 
(Fig.  41)  with  a  ciicolar  base 
the  stndgirt  Hne,  joining  the  apex 
with  the  central  point  of  the  base,  and 
its  distance  from  the  central  point  of 
the  base  is  i  of  the  whole  line. 

The  centre  of  gravity  of  a  regolar 
pnam^  ej^linder^  or  aphevei  cones* 
ponds  with  the  geometricsl  central 

point  of  each. 

Of  Equilibrium. — \Vc  have  already 
seen  that  the  only  requirement  for  the 
eqpnlibriiim  of  a  solid  body  is  that  ita 
oentie  of  gmity  ahould  be  sapported. 
^  But  tins  eonditi<m  may  be  fbMDed  in 
various  ways,  according  to  whether 
If  the  bodies  are  suspended  at  fixed 
points,  or  rest  ixpoa  points  of  support. 
Let  us  aoppoae  three  ho]e%  a,  b,  and 
4^  in  a  hcnnogeneoQa  dise  (Fig.  4S), 
of  filiidi  ihe  one,  a,  passes  thfongh  the  eentre  of  gravity.  The 
disc  will  be  in  equilibrium  in  all  positions,  if  a  tixed  axis  is  made 
to  pass  through  the  hole  a.  In  ^uch  a  case  as  this  we  have  an 
md^ermU  eqaiiibrium.   If  the  axis  passes  through  the  upper  hole. 
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b,  the  equilibrium  is  stabky  for  if  we  remove  the  disc  £rom  this 
potttion  it  will  always  tend  to  xetom  to  it.  If  we  torn  the  ditea 
Htde  round  the  aiii  b,  the  emtie  of  gnmty  is  moved  to  the  fight 

or  left  along  the  are  «•  »;  it  is  no  kmger  supported^  because  it  m 
longer  lies  vertically  below  b,  and  the  frravity  actinc:  u})oii  it  draws 
it  back  to  its  position  ot'  equilibrium.  If  the  axis  passes  through 
.the  lower  hole^  c,  complete  equilibrimn  is  not  established,  but 
eunply  wutable  eqiuHfannaat ;  for  as  soon  as  the  eentre  of  gravi^  is 
in  the  least  removed  from  the  verticaly  passing  through  e,  inatesi 
of  returning,  it  describes  a  semicircle  until  it  reaches  a  point 
vertically  placed  below  the  point  c. 

We  may  thus  generally  express  this  result : — A  body  attached 
to  an  axis  may  be  in  a  state  of  stable^  mistahle,  or  indifferent 
equilibriom,  aecording  to  whether  its  eentre  of  gravity  hea  belovt 
or  above,  or  within  the  axis. 

Let  us  see  what  happens  when  a  disc  is  placed  upon  a  horizontal 
or  inclined  plaue^  and  assume  that  the  disc  is  so  composed  of  lead 
na.  4S.  wood  that  its  centre  of  gra\ity  hes  in  the 

cirele  a  b  d.  In  this  ease  none  but  a  stable  «r 
nnstaUe  e^puHfacinm  can  enstj  the  liwitT 
when  the  centre  of  gravity  rests  at  e,  titt 

lowest  ])oint  in  the  circnml'ert  nee  a  b  d,  and 
the  latter  when  the  centre  of  gravity  ia  at  the 
highest  point,  b,  of  this  circle. 

If  the  same  dise  were  placed  on  an  indined 
plane  (Fig.  44t),  eqnilihrinm  would  be  eatab- 
lished  if  the  centre  of  gravity  lay  in  the 
vertical  plane/?  b,  passing  throuprh  tlu 
point  of  contact.  Stable  equilibrium 
will  then  be  estabhshedwhen  the  centre 
of  gravity  is  at  the  bwest  point  and 
nnstable  eqnilibrhmi  when  it  Bea  et  the 
highest  point  h. 

If  we  assume  that  the  disc  is  in  a 
state  of  unstable  equihbriimi^  and  were 
moved  a  little  towards  the  ri§^t  ado,  it  would  roll  up  the  inelined 
plane  nntil  the  condition  of  stable  equilibrimn  was  again  re- 
established. During  this  apparent  elevation  the  centre  of  gravity 
nevertheless  continues  to  approach  the  lowest  points. 

When  a  body  stands  upon  the  prronnd,  with  n  more  or  less  wide 
base;,  the  perpendicular  drawn  through  its  centre  of  gravity  must 
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FIG.  45.  fall  within  the  base,  if  a  state 

of  equDibrium  is  to  be  estab- 
lished. 

Thus  the  inclined  cylinder  would 
be  in  eqailibrium  (Fig.  45)j  if  its 
height  did  not  exceed'  the  shaded 
part  of  the  figure ;  but  it  must  fall 
if  its  height  were  such  that  the 
centre  of  gravity  lay  at  b. 
The  broader  its  base  is,  and  the  lower  its  centre  of  gravity  Ues, 
the  firmer  will  a  body  stand*  A  four-footed  animal  stands  firmfy 
when  the  centre  of  gravity  of  his  whole  body  lies  over  ihe  puralle- 
logram  of  which  the  four  angles  are  Indicated  by  the  position  of  its 
fonr  feet.  If  a  man  raise  an  arm,  the  position  of  the  centre  of 
gravity  will  be  changed ;  and  if  a  bird  project  its  neck,  the  centre 
of  gravity  is  thrown  considerably  forward.  A  man  carrying  a 
weight  must  change  his  position  according  to  the  manner  in  which 
he  cairies  it.  For  inatance,  if  he  beara  the  load  upon  his  back 
(Fig.  46),  he  must  bend  forward ;  if  he  carry  it  in  his  left  hand 
(Fig.  47),  he  most  incline  the  upper  part  of  his  body  to  the  right. 


vro.  40. 
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othemise  the  direction  of  the  common  centre  of  gravity  of  the 
human  body  and  the  load  would  fall  beyond  the  line  connecting 
the  feet,  and  the  man  would  fall. 

Tlhe  Bahnee. — The  common  balance  consista  essentially  of  a  rod 
caDed  a  beam,  which  revohea  round  a  fixed  horixontal  axis  inserted 
in  its  centre.  When  there  is  no  load  at  either  end,  the  beam 
should  be  in  a  perfectly  horizontal  position.    To  either  end  of  the 
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beam  scale-pans  are  suspended^  wbidi  aerve  for  the  reception  of 
bodm  tobewvif^ifldL  If  both  pni  aie  eqoally  ktded,  die 
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ifiUielam  ita  horiioiital  poatkn;  bvt^  if  an  anil  of  weigfai  is 
laid  upon  one  of  the  pana,  the  beem  will  indine  towirde  thii 

aide. 

\Vc  will  now  inquire  how  the  conditions  above  inentioned  can 
be  satisfied.  If  we  first  suppose  that  the  acale-paus  aie  removed^ 
and  aaaome  that  the  horiiontal  axia  paaaea  through  the  eentre 
of  gravity  of  the  beam^  we  ahall  have  a  caae  of  ind^ffieremi  eqoili- 
brimn,  and  tiie  beam  will  be  in  eqnilibriam  at  any  angle  with  the 
horizon.  Such  an  arrangement  will  not,  therefore,  fulfil  the  first 
condition,  naraelv,  that  the  beam  should  assume  a  horizontal 
position  before  the  pans  are  loaded.  This  condition  can  only  be 
fulfilled  if  the  centre  of  gievity  of  the  beam  lie  below  the  fulcnmL 

If  we  draw  a  line  at  rid^t  anglea  wilh,  and  bjaeeting  the  logger 
UDB  of  the  beam,  this  line  must  paaa  through  the  fblcnun  of  ^ 
beam,  and  through  its  centre  of  gravity. 

The  suspension  of  the  pans  makes  no  difference  in  our  reason- 
ings for  we  may  consider  their  weight  concentrated  at  the  point 
of  aoapenaion,  and  that  th^  thua  form  an  integral  part  of  the 
beam. 

If  we  nnite  the  pointa  of  enapenaion  of  the  pans  by  a  straight 

line,  this  line  may  |)ass  through  the  fulcrum,  or  above  or  below  it. 
It  ia  most  easy  to  take  into  consideration  the  first  of  these  three 
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cases,  while  it  is  likewise  the  most  available  for  practical  applica- 
tton;  we  wiQ,  therefore^  begin  with  this  case. 

In  Fig.  49  let  a  6  be 
the  straight  line  nniting  the 

points  of  snspension  of  the 
pans,  whose  wcij^ht  we 
regard  as  concentrated  at  the 
points  a  and  and  let  c  be  the  point  at  which  the  beam  is 
SQspendfid,  that  is  to  wj,  the  pomt  of  support ;  and  $  the  centre  of 
gravity  of  the  beam.  If  equal  weights  P  are  suspended  at  a  and  b, 
the  beam  will  remain  in  a  horizontal  position ;  for  we  may  consider 
that  one  of  the  weights  acts  directly  upon  a,  and  the  other 
directly  upon  b,  and  thus  the  common  centre  of  gravity  of  the  two 
weights  P  wiU  correspond  with  the  point  c;  and  the  conmion 
centre  of  gravity  of  all  the  weights  suspended  at  that  is  to  say, 
of  the  beam  and  of  the  weights  P,  wiU  meet  at  a  point  between  e 
and*;  this  common  centre  of  gravity  lying  vertically  under  the 
point  of  support,  the  equilihrium  is  not  disturbed. 

If  we  apply  an  extra  weight  r  on  one  side,  the  centre  of  graWty 
of  the  suspended  weights,  which  we  must  necessarily  consider  as 
concentrated  at  the  points  a  and  b,  no  longer  corresponds  with 
€f  bat  fails  on  the  line  a  b,  isi  the  direction  of  the  extra  weight, 
somewhere  towards  d.  The  common  centre  of  gravity  of  the  bom 
and  the  weights  will  consequently  be  upon  some  point,  m  in  the 
Hne  d  8 ;  but  since,  while  the  beam  is  horizontal,  the  common 
centre  of  gravity  m  is  no  longer  vertically  beneath  the  point  of 
inspension  c,  the  whole  beam  must  revolve  sufficiently  around  the 
aiis  e  to  fulfil  this  condition.  Hence  the  arm  c  a  will  necessarily 
rise,  and  the  arm  c  b  sink.  The  angle  which,  on  the  addition  of 
a  sfi^t  excess  of  weight  in  either  pan,  the  beam  makes  with  an 
bomontal  line  is  termed  the  angle  of  dematum. 

Wc  shall  now  consider  the  points  that  must  be  attended  to  for 
the  construction  of  the  balance,  in  order  to  render  it  sufficiently 
sensitive ;  that  is  to  say,  in  order  that  a  very  slight  preponderance 
of  weight  may  give  rise  to  a  large  angle  of  deviation. 

1.  71^  eeidre  of  §ramiy  of  the  beam  must 
bdow  the  centre  of  eaepemm;  for  if,  in  case  (the  other  conditions 
remaining  unaltered)  the  centre  of  gravity  #  of  the  beam  is  raised 
upwards,  then  the  point  m  will  also  be  elevated  vertically,  which 
must  evidently  produce  an  increase  in  the  anp;ular  deviation  of  the 
beam.   A  contrivance  has  been  applied  to  good  balances  by  which 
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the  position  of  the  centre  of  gravity  is  regulated.  A  tiue  accew  n  | 
appHed  to  the  prdongiAioii  ol  the  line  e  s,  on  which  a  weigbt  ' 
eoRespondiiig  to  drcmnfltaaoea  nay  be  aerewed  vp  and  down,  bf  ^ 
ivliidi  a  change  in  the  poaition  of  fliecentre  of  gravity  iamanifeafljf  j 

effected. 

If  this  weight  were  scre  wed  up  so  far  that  s  corresponded 
with  c,  we  shouhi  have  either  without  a  load^  or  with  an  equal 
load  on  both  aidcBy  a  case  of  indifferent  e^iilibrinm ;  were  we  now 
to  bring  an  extim  wri^t  r  on  <me  aide,  the  point  m  would  M 
upon  the  line  a  b  (see  Fig.  49) ;  that  it  to  aay,  on  the  additioa 
of  the  smallest  extra  weight  the  antrle  of  deviation  would  l)ccumf 
a  right  angle,  the  beam  would  be  completely  inverted,  and,  in 
ahorty  the  inatrunient  would  cease  to  be  of  any  sendee. 

2.  Tke  HntibUU^  qf  ike  baimiee  marmm  wUk  ike  length  ^ik 
beam.  If  (everything  dae  remaining  the  aame)  we  wereta  Ifgigthw 
the  beam,  the  distance  e  d  would  be  proportionally  greater,  and 
the  point  m  would  thus  also  be  removed  further  from  the  line  c  s 
in  a  direction  parallel  to  a  b,  and  consequently  the  line  c  m  would 
make  a  larger  angle  with  e  e,  and  the  angle  of  deviation  would  also 
increaae.  (It  ia  eaay  to  aee  that  the  an§^  ai  e  t  k  eqiial  to  tbe  I 
angle  of  deviation.)  ' 

3.  The  beam  must  be  as  light  as  possible.  We  may  suppose  the 
weight  of  the  loads  2  P  -f  r  acting  at  the  point  d,  and  the  weight 
o£  the  beam,  which  we  shall  designate  as  united  at  The 
potitioa*oC  the  eonunon  centre  of  gravity  m  will  now  evidenti^ 
depend  upon  the  anionnt  of  the  foreea  acting  at  die  ends  of  tfe 
line  d  9,  If  the  weight  ^  at  t  and  2  P-^r  at  if  be  equal,  m  would 
fall  ill  the  middle  of  d  s ;  but  the  smaller  g  becomes  ui  compUrisoL 
with  2  P  +  r,  the  more  must  m  recede  from  and  the  larger 
proportionably  will  the  angle  of  deviation  be.  In  relation  to 
the  two  last  points^  we  are  confined  to  certain  limita  wbkh 
we  cannot  exceed^  since  too  great  a  length  of  the  bean 
would  render  the  balance  inconvenient  for  practical  purposes, 
and  too  great  a  degree  of  lightness  would  deprive  it  of  the 
necessary  strength. 

As  a  matter  of  course^  the  greatest  care  must  be  had  in  the 
ctmatroction  of  the  balance  to  render  the  twoportionaof  the  beam 
of  eqnal  length.  As;  however,  alight  errora  cannot  be  avoided,  we 
must  endeavour  to  correct  them  by  means  of  the  method  of 
weighing  which  is  had  recourse  to.  The  best  manner  of  proceed- 
ing in  this  respect  is  probably  the  foUowmg ; — The  body  to  be 
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weighed  it  laid  upon  one  scale-pan^  and  equipoiaed  by  a  toAdent 

quantity  of  sand,  shot,  or  any  other  substance  laid  in  the  opposite 
scale-pan.  This  done,  the  body  to  be  weighed  is  then  removed, 
and  in  its  place  so  many  weights  are  substituted  as  to  restore  the 
Imly^  to  eqnilibritun.  These  newly-applied  weights  will  give 
the  aoenrate  weight  of  the  body^  whetter  oar  not  the  arms  of  the 
beam  be  equally  kng^. 

The  fulcrum  is  formed  of  a  steel  knife-edge,  in  order  as  much 
as  possible  to  avoid  friction^  and  the  Bcal&*pans  are  suspended 
£rom  amiilar  edgea. 
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CHAPTER  IL 

MOLBCVLAR  BQUILIBBIITM. 

We  have  already  seen  that,  in  order  to  explain  the  aggregate 
conditions  of  bodies,  we  assume  the  existence  of  molecular  forces, 
which  act  continuously  among  the  separate  particles  of  bodies. 
Ab  long  as  a  body  remains  unchanged  in  its  internal  condition, 
and  as  long  as  the  individual  particles  remain  not  only  st 
unchanged  distancesi  but  also  in  a  relatively  nncbanged  position, 
the  molecular  forces  acting  among  the  individual  particles  must 
remain  in  equilibrium.  The  equilibrium  established  between  the 
separate  particles  of  solid  bodies  is  stable,  for  a  greater  or  lesser 
force  is  necessary  to  disturb  this  condition. 

As  we  have  already  seen,  the  force  of  cohesion  preponderates  in 
solid  bodies,  holding  their  particles  together,  and  acting  alike 
against  their  displacement  and  separation;  it  bemg  necessary  to  i 
employ  a  greater  or  lesser  force  to  bring  about  any  such  displace- 
ment or  separation. 

Elasticity. — When  the  particles  of  a  solid  body  have  been 
slightly  drawn  out  of  their  relative  ])Osition  by  an  external  force, 
the  ])reviously  existing  state  of  equilibrium  is  not  on  that  account 
entirely  destroyed,  for  the  particles  may  return  to  their  former 
position  when  tiie  disturbuig  force  ceases  to  act.  This  property  of 
bodies,  by  means  of  which  the  molecules  return  to  theur  former 
position  when  the  displacement  occasioned  by  an  external  force  does 
not  exceed  certain  limits,  we  term  elasticity.  The  elasticity  of 
solid  bodies  proves  that  the  molecules  are  in  a  state  of  stable 
equilibrium,  since  it  is  only  under  such  circumstances  that  a  body 
returns  to  its  position  of  rest,  when  the  external  disturbing  force 
has  ceased  to  act.  All  bodies  aie  not  equally  elastic:  there  are 
some  which  perfectly  assume  iheur  former  position  after  even  a  very 
considerable  amount  of  displacement,  and  such  bodies  are  especially 
termed  elastic,  as,  for  instance,  india-rubber,  steel,  and  ivory; 
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othen,  on  the  eontrary^  as  lead,  i^laas^  are  only  elastic  to  • 
imimm^  degm^  not  being  aUe  to  bear  any  great  displacement  of 
tlteir  particlcB  wtthont  the  previoaa  condition  of  eqniliiirram  being 

disturbed. 

The  displacement  of  the  particieii  may  either  be  occasioned  by 
tension^  compression^  or  rotation. 

"When  a  proportionately  large  power  ia  neccnaiy  to  prodnee  a 
diiqplaoement  of  the  partidea  cf  a  hodj,  we  term  die  liMer  hard. 

A  body  may  be  both  hard  and  elastic,  as  is  the  ease  with  iyory 

and  steel;  glass^  on  the  contrary^  is  hard^  and  but  shghtly 
elastic. 

A  body  whose  particles  can  be  removed  by  an  inconsiderable 
iocce  ia  called  toft.  Soft  bodiea  may  be  dastic,  as  india-rubber : 
or  they  may  possess  merely  a  small  degree  of  daatieityj  as  is  the 
case  with  moistened  clay.  The  aggregate  condition  of  such  soft 
bodies  may  in  some  mcasiue  be  considered  as  an  intermediate  state 
between  perfect  solidity  and  perfect  fluidity. 

If  the  partides  of  a  body  are  displaced  beyond  the  limits  of 
rlnatirityj  the  eonneetion  hitherto  emting  between  them  either 
ccsiafw  entirely,  or  the  mokcnles  arrange  themselves  in  a  new 
condition  of  stable  equilibrium.  In  the  first  case  we  call  the  bodies 
bHttle,  in  the  next  ductile.  The  external  form  of  brittle  bodies 
cannot  be  permanently  changed  by  pressure^  blows^  &c. ;  a  perfect 
■epsmtioa  following  when^  by  means  of  such  external  causes,  the 
moleenlea  are  displaced  beyond  certain  limits;  the  form  of  ductile 
bodiea  can,  howeFer,  be  permanently  changed  by  sneh  mechanical 
meaus  as  we  see,  for  instance,  in  the  stamping  of  coins. 

Strength. — Tlie  force  with  wliich  a  body  resists  the  separation  o£ 
its  particles  is  termed  its  strength. 

The  connection  eriiting  between  the  individual  portions  cf  a 
aolid  bocfy  mi^  be  removed  by  tearingi  breakings  twiating,  or 
oompreasing  it. 

Absolute  Strength  is  the  force  by  which  a  body  resists  being  torn 
asunder  when  it  is  stretched  lengthways.  This  resistance  evidently 
^p4>sndA  upon  the  diagonal  section  of  the  body  to  be  severed,  and 
is  proportional  to  it,  for  the  oonncction  of  two,  threes  lour  times 
•0  inany  moleenlea  must  be  removed  if  the  diagcmal  sectianL  or  area 
of  a  body  be  increased  twice,  thrice,  or  four  times.  In  order, 
therefore,  easily  to  compare  the  absolute  strenerth  of  different 
materials,  we  must  assume  some  unit  for  this  area,  and  then 
aaccrtain  how  great  a  fbroe  ia  req;nired  to  rend  a  boc^^  the  araa  of 

I 

I  Digitized  by  Go  .^.^ 


48 


AHaOLUTB  STEBNOTH. 


wbich  is  equal  to  this  mut.  If  the  area  of  the  body  submitted  to 
the  experiment  be  greater  or  smaller  than  the  area  assumed  as  tlie 

unit,  the  strengrth  may  be  reduced  to  the  measure  of  that  unit. 

Mtischenbroek  has  made  numerous  experiments  conceniing  the 
absolute  strength  of  different  bodies.  The  following  table  gives, 
aooording  to  his  calculations,  the  weight  required  to  break 
a  rod  of  different  bodies  whose  diagonal  section  is  one  squan 
eentimetre 


Linden  wood 

918  kilogrammes 

Fir  (Fmus  silvestns) 

•  IQHl 

99 

White  pme  (Fmusabies) 

601  to  929 

9$ 

Oak  .... 

1150  to  1466 

99 

Beech         •  . 

1349  to  1586 

99 

Ebony 

.  934 

99 

Copper  wire 

.  2782 

99 

Brass  wire  . 

.  3550 

99 

Gold  wire 

.  4646 

99 

Leadwire 

.  272 

99 

Tin  wire 

.  467 

99 

Silver  wire  . 

.  3411 

99 

Iron    .       •       •  . 

.  4182 

99 

White  glass 

142  to  233 

99 

Bope 

d60to  620 

99 

The  great  variation  perceptible  in  the  streng^th  of  rope  depends 
upon  the  unequal  character  of  the  material  of  which  it  is  made. 
Iliin  ropes  are  proportionaUy  stronger  than  thick  onea,  from  being 
made  of  better  hemp.  Ropes  have  less  firmness  when  wet  than 
when  dry. 

It  will  be  most  safe  to  assume  for  practical  purposes  that  metals 
possess  only  and  wood  of  the  absolute  strength  ascribed  to 
them  in  the  above  table. 

The  force  which  a  body  opposes  to  the  process  of  breaking  is  its 
rektive  strength.  In  order  to  break  a  body,  the  force  must  be 
■iq[ilied  at  right  angles  to  the  directions  of  its  long  aids;  the  body 
to  be  broken  being  supported  only  at  one,  or  at  both,  of  ito 
extremities. 

Pig.  50  represents  a  prism,  which  is  fastened  at  one  end 
into  a  solid  wall,  while  at  the  other  extremity  is  attached  the 
weight  Q  to  break  it.  UK  represent  the  absolute  strength,  that 
is,  the  foffoe  wiih  which  the  body  resists  tiie  foroe  endeavouring  to 
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degtnqr  it  md  aeting  upon  it  in  kt 

long  axis,  we  may  suppose  this  (broe 
concentrated  at  the  centre  of  gravity 
8  of  that  diagonal  section  which 
corregponds  with  the  plane  of  the 
solid  waD.  The  wdf^t  Q  manifesto 
an  effint  to  turn  the  whole  body 
round  the  under  edge  of  the  prism ; 
and  thus  acts  at  the  ai*m  a  b,  while 
the  lesiatanee  applied  at  »  acts  at 
the  am  a  a ;  if  nov  die  fenatanee 
shall  eiactly  counterpoise  the  feree, 
the  resistance  K  must  be  inversely  to  the  force  Q  as  the  arm 
a  9  is  to  the  arm  a  h.    If  the  height  of  the  ))cam  be  represented 
hy  A,  as  =  ^     and  if  the  kiig;th  a  6  be  represented  by  I,  we 
ha?e 


or. 


^  K.h 


The  aoKHUit  of  strength  K  with  which  the  body  resists  being 
lent  aannder  depoida  iipon  the  diagonal  section  of  the  beam.  If 
we  let  i  lepgesent  the  alMolote  strength  for  one  diagonal  section  of 
cue  square  centimetre,  while  A  is  the  height  and  b  the  breadth  of 
Ike  beam,  then 

K  =  kbh, 

and  therefore, 

Prom  tliis  formula,  we  see  that  the  force  necessary  to  break  the 
body  varies  in  a  direct  ratio  with  the  breadth  and  the  square  of 
the  height,  and  inversely  with  the  length. 

If  a  beam  be  aopported  in  the  middle  by  a  sharp  edge  (Fig.  51,) 


51. 


6 


and  be  loaded  at  both  ita  eEferemities 
with  eqoal  wei^ta  P,  there  wiD  exist 

a  tendency  to  break  the  beam  at  its 
centre ;  in  order  to  effect  this,  the 
weight  P  acting  at  each  end  must  he 
twice  «i  great  aa  the  weight  Q,  which  mnat  be  applied  to  the  end 
ef  the  same  beam  if  projected  ita  whole  length  frmn  a  solid  waD, 
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as  in  Fig.  50,  since  the  weight  F  acts  upon  a  lever  only  half  the 
length  of  that  supporting  the  weight 

The  pressuie  which  has  to  be  supported  in  the  middle  is 
evidently  2  P. 

If  the  beam  be  sup- 
ported at  each  end  as  in 
^^^^  Fig.  52,  wc  may  break  it 
by  attaching  a  weight 
mmm  2  P  to  the  middle.  As 
P  =  2  we  must  apply,  in  order  to  break  a  beam  supported  at 
each  end,  a  force  four  times  as  great  as  would  be  necessary  to 
break  it  if  it  projected  its  whole  length  from  a  solid  wall,  and  the 
force  acted  upon  the  free  end.  The  force  necessary  for  breaking  it 
is  therdfore 

By  the  length  of  the  beam  we  understand,  in  the  one  case,  the 
part  projecting  from  the  wall ;  and  in  the  other,  the  portion  lying 
between  the  two  points  of  support. 

We  have  not  taken  into  consideration  in  our  calculations  that  the 
beams  bend  before  they  entirely  Inreak.  By  this  bending,  the 
relative  strength  is  coiu&derably  modified,  so  ^at  the  value  of  the 
relative  strengtSi  computed  according  to  the  above  formulse,  from 
the  known  absolute  strength,  may  vary  considerably  from  the 
reality.  But,  if  these  formulae  do  not  serve  to  compute  directly 
the  amount  of  the  relative  strength,  they  yet  serve  for  a  com- 
parison of  the  relative  strengths  of  beams  and  rods,  when 
formed  of  the  same  material,  but  of  different  dimensions;  Ibr^ 
however  the  amount  of  the  absolute  strength  may  be  modified  by 
flexibility,  it  is  always  directly  proportionate  to  the  breadth  and 
square  of  the  height,  and  iu\  crsely  so  to  the  length ;  therefore,  in 
the  formula 

^     *2  / 

nothing  is  changed  by  the  flexibility  but  the  value  of  the  constant 
factor  k,  which  must  be  replaced,  not  by  the  value  of  the  absolute 
strength  taken  from  the  above  tables,  but  by  another  frtetor,  whieli 

must  be  obtained  by  experiment  for  each  material.  Experiments 
show  that  the  force  necessary  to  break  a  beam  is  four  times  as 
small  as  is  given  by  the  above  formulae,  if  we  substitute  for  k  the 


L^iyiu^cd  by  Google 


▲DHBUON. 


61 


nvinber  indkituig  the  abtoliite  rtimgtk  Tlie  imiiiMmee  eierdaed 
•by  flenbiUly  upon  tbe  nktive  Btrength  k-abo  |iro?ed  fiom  this, 

that,  if  a  beam  rests  freely  on  both  its  extremities,  it  may  be  broken 
by  a  weight  suspended  at  its  centre,  only  half  the  amount  of  that 
jieccssary  to  break  it  when  it  is  iked  at  botb  eudB,  and^  conse- 
quently, incapable  of  yielding. 

In  woodSy  the  dinBCtbii  of  the  fibres  has  natunDy  also  nmeh 
iniliienee  upon  the  strengUL 

Adhesion. — The  same  force  which  holds  toerether  the  particles  of 
a  solid  body,  acts  also  in  liolding  together  the  particles  of  two 
bodies  already  separated,  if  we  are  able  to  bring  them  within  a 
■ufficienlly  intimale  oontact  with  eaeh  other.  Thus  plates  of 
miRon^  whieh  are  Udd  dosely  one  upon  another  after  being 
poliBhed,  often  adhere  so  tightly  that  they  cannot  be  separated 
with<jut  breaking.  In  the  same  manner  two  plates  of  lead,  when 
pressed  together,  will  adhere  almost  as  closely  as  if  they  formed 
oae  single  mass^  provided  always  that  the  sar&oes  brought  in 
oontact  are  perfeetfy  smooth  and  metallic. 

The  fime  thus  eoimeeting  two  bodiea  is  termed  the  Ante  of 

adhesion. 

Adhesion  is  manifested  not  only  between  homogeneous,  but  also 
between  heterogeneous^  bodies.  Thus  a  plate  of  lead  and  a  plate 
of  tin,  or  a  pkte  of  copper  and  a  plate  of  silver,  combine  to  form 
an  ahmoet  mseparaUe  wholes  when  their  polished  snr&ees  are 
compressed  by  a  heavy  cylinder.  l%e  adhesion  of  heterogeneous 
bodies  is  most  strongly  manifested  when  a  fluid  is  brought  in 
contact  with  a  solid  body ;  and  the  former  is  solidified  by  the 
oooling  or  evaporation  of  the  dissolving  medium,  as  we  see 
omnptified  in  the  processes  of  pasting^  C^nmg^  and  cementing.  It 
oAen  hcppena  on  joining  together  two  pteeea  of  ghun  with  sealing 
wax  that  on  tearing  the  whole  asunder,  pieces  are  separated  from 
the  glass,  instead  of  the  glass  being  severed  from  the  wax.  If  we 
riib  a  plate  of  glass  with  glue,  the  two  substances  often  adhere  so 
cloaely  together  that  portions  of  the  former  will  be  torn  away  on 
the  contraction  of  the  1^  in  drying. 

If  two  bodies  having  smooth  sur&ees  lie  one  upon  the  other, 
any  attempt  to  push  the  one  beyond  the  other  will  be  opposed  by 
the  force  of  adhesion,  which  shows  that  this  latter  foree  has  a  sluire 
in  tbe  resistance  of  friction,  which  opposes  itself  wherever  two 
bodies  glide  over  each  other,  or  where  one  body  roUs  oier  another* 
We  shall  subsequently  treat  more  fully  idfridion. 

m  2 
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CrftitJluuaimk — If  a  body  pass  from  a  fluid  (xr  gaaeooa  form  to 
a  Bolid  oooditKm,  the  ehange  is  owing  to  the  preponderanee  <tf  the 
cohesive  force^  whidi  Axes  the  hitherto  moving  particles  in  a 

relatively  definite  position.  In  this  transition  to  a  solid  condition 
we  see  a  tendency  throughout  all  nature  to  produce  a  regular 
arrangement  of  Uie  moleculea,  and  the  force  exercising  this 
tendoiey  in  inorganic  nature  is  crystaWxaium, 

Chystab  are  soch  solid  bodies  as  have  a  r^golar  form  limited  by 
plane  snrfoees.  Jn  nature  we  And  a  number  of  these  erystak : 
for  instance,  quartz,  calcareous  spar,  heavy  spar,  topaz,  garnet, 
&c.,  are  often  found  beautifully  crystallized. 

A  body  almost  always  assumes  the  crystalline  form  on  passing 
from  a  flnid  to  a  solid  condition.  This  transition  is  effected  either 
by  the  cooling  of  a  melted  bod^^  or  by  separation  firom  a  sc^ntion. 

If  we  pour  mdted  bismnth  into  a  wanned  cap,  a  solid  crost  will, 
after  a  time,  be  formed  upon  the  upper  surfooe*  Xf^  now,  we 
puncture  this  crust,  and  pour  off  the  remaining  fluid  metal,  we 
obtain  large  cubic  crystals,  measuring  several  lines  in  length,  and 
filling  up  the  cavity  which  is  formed  by  the  cooled  and  solid 
crust. 

We  may  obtain  crystals  from  a  melted  mass  of  sulfur  in  a 
similar  way. 

On  attentively  observing  a  portion  of  water  in  the  aet  of  freezing, 

we  see  delicate  needles  of  ice  forming,  and  every  moment  spreading 
and  ramifying.  It  is  true  that  we  seldom  sec  such  regular  crystal- 
line formations  in  ice  as  in  snow,  hut  still  it  is  sufficiently  evident 
that  the  formation  of  ice  is  a  process  of  cr3r8tallisation« 

Msny  bodies  dissolve  in  fluids,  as,  for  instance,  in  water ;  but 
only  'a  definite  quantity  of  any  substanoe  will  dissolve  in  a  definite 
quantity  of  water,  although  more  is  generally  dissolved  in  hot 
than  in  cold  water.  If  a  solution  be  saturated  at  a  high  tempera- 
ture, that  is,  if,  for  instance,  as  much  alum  has  been  put  into 
warm  water  as  the  definite  quantity  of  the  liquid  will  dissolve,  the 
whole  mass  of  salt  will  not  remain  wholly  dissolved  on  coolings  but 
a  portion  will  be  again  deposited,  and  in  the  form  of  r^olar 
crystals.  Crystals  will  likewise  be  formed  when  the  water 
gradually  evaporates  from  a  saturated  solution. 

Crystals  are  not  separated  from  aqueous  solutions  only  ;  sulphur, 
for  instance,  dissolves  in  bisulphuret  of  carbon,  chloride  of  sulphur, 
and  oil  of  turpentine ;  and  we  may  obtain  beautiful  transparent 
crystals  of  sulphur  from  these  solutions. 


i^iyiu^cd  by  Google 


CBT8TAL8. 


58 


The  slower  the  cooling  or  evaporatiooi  the  larger  and  more 
itgdkr  wOl  the  eiystals  be.   In  rapid  ciystalliiation  gmall  eryatak 

are  formed  which  unite  together  in  irregular  groups^  in  which  we 
can  scarcely  recognise  the  crystalline  outline. 

Every  substance  has  its  own  form  of  crystallization.  Thus,  for 
instance,  the  form  of  qnartz  is  different  from  that  of  alum,  and 
this  latter  wiea  again  firom  that  <tf  sulphate  of  oopper  (blue 
▼itrkil). 

Tine  investigation  into  the  laws  of  symmetry  whidi  are  found  to 

enrol  between  the  separate  surfaces  of  crystals,  as  well  as  the 
description  of  crystalline  forms  in  particular,  are  subjects  which 
belong  to  the  province  of  OryitaUography, 
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BTDBOSTATICS^  OR  THB  THBOBT  OF  THE  BQUlLIBBIUlf 

OF  LIQUIDS. 

Hydrostatics  treat  of  the  conditions  of  equilibrium  in  liquid 
bodies^  and  of  the  pressure  which  they  exercise  upon  the  walla 
of  the  vessels  in  which  they  are  contained. 

The  properties  of  liquid  bodies  are  dependent  npon  two  forces, 
namely,  on  gravity,  which  acts  upon  ihtm  as  upon  all  other 
bodies;  and  on  molecular  attraction,  the  action  of  which  is  so 
modified  in  them  as  to  give  rise  to  their  liquid  condition.  Wc  may 
easily  separate  in  our  minds  the  actions  of  these  two  forces,  for  wc 
may  form  a  conception  of  a  mass  of  water  devoid  of  weight, 
although  not  ceasing  to  be  fluid. 

Such  a  mass  left  to  itself  would  not  f all ;  it  is  evident  that  to  be 
at  rest  it  neither  requires  to  be  supported  from  below  nor  to  be 
contained  in  any  vesseL  In  this  condition  the  fluid  might  sustain 
and  propagate  a  pressure  according  to  a  law  which  we  will  at  once 
consider. 

Principle  of  the  equality  of  presmre. — Fluids  have  the  property 
of  rejfukarUf  propagating  to  all  parts  the  pressure  exercised  iqnw  a 
portion  of  their  Smfaee, — This  principle  is  a  physical  aiiom;  and, 
if  it  be  not  necessary  to  prove  it,  we  might  at  any  rate  make  it 

intellig:ible. 

Let  abed  (Fig.  53)  represent  a  vessel  con- 
taining a  liquid  supposed  to  be  devoid  of  weight  i 
/>  is  a  solid  plate,  completely  covering  the  upper 
surface  of  the  fluids  which  we  will  also  suppose 
to  be  devoid  of  weight.  If  the  fluid  is  not 
pressed  upon  by  any  weight,  it  evidently  cannot 
suffer  any  pressure,  and  wc  might  bore  the 
vessel  at  any  spot  without  the  fluid  escaping.  But  as  soon  as  we 
load  the  plate  with  a  weight,  say,  for  instance,  100  lbs.,  it  will 
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maxufest  a  ti  luU  iicy  to  sink,  and  would  sink  if  the  fluid  did  not 
Hinder  it  from  doing  so.  The  fluid,  whether  compressible  or  not, 
moat  now  support  the  100  lbs.  The  upper  surfiBce  x  will,  therefore, 
support  the  whole  preMiire^  and  wodd  necessarily  be  pressed 
down,  if  it  were  not  kept  up  by  the  layer  y.  The  layer  x  presses 
sicccwrdiiigly  upon  the  layer  y  with  the  same  foroe  with  whieh  it  is 
pressed  by  the  plate.  Thus  the  layer  y  presses  upon  the  next  one 
and  in  the  same  manner  the  pressure  is  conveyed  to  the  bottom, 
which  is  itself  pressed  upon,  as  if  the  plate  rested  immediately 
npoo  It.  As  now  the  whole  bottom  sustains  a  pressore  of  one 
hundred  poonds,  it  is  efident  that  the  hslf  of  the  sai&oe  of  the 
bottom  will  bear  only  a  weight  of  fifty  pounds,  and  the  hundredth 
part  of  the  same  surface  only  one  pound.    Hence  it  follows : — 

1 .  That  the  pressiu-e  is  communicated  from  above  downward  to 
horizontal  surfaces  without  diminutimi* 

2.  That  it  is  equal  at  all  points. 

8.  That  it  is  proportionate  to  the  entenskm  of  the  soiftoes 

considered. 

The  same  occurs  with  regard  to  the  lateral  surfaces.  If  we  were 
to  make  an  opening  in  the  lateral  wall,  the  water  would  gush 
forth ;  and  if  we  were  to  cut  out  of  the  wall  a  pieoe,  the  snr&oe  of 
whidi  should  eqptl  that  of  the  plate,  we  must  have  a  counter 
pressure  of  one  hundred  pounds.  If  the  ])late  itself  had  an 
opcninfr,  the  water  would  prush  forth  from  it,  by  which  it  is 
(•\i(lcnt  that  the  under  surface  of  the  plate  is  pressed  upon,  exactly 
the  same  as  all  the  other  portions  of  the  walls.  Fluids,  thereibrer 
communicate  a  pressore,  exercised  upon  any  part  of  their  upper 
mahee,  equally  in  all  direetiona.  If  we  once  understand  tibia 
principle  with  regard  to  fluids  devoid  of  weight,  it  can  easily  be 
applied  to  he&vy  fluids  on  each  molecule  of  which  a  pressure  is 
exercised,  arising  from  their  own  proper  gravity. 

Tke  Hjfdrauiic  Press  depends  upon  the  uniform  communication 
of  preasore  hy  fluids,  and  consists  of  two  main  partsi  a  sucking 
and  facing  pump,  whidi  eiercise  the  pressure,  and  a  piston  with 
a  plate  to  receive  the  pressure,  and  convey  it  to  the  bodies  to  be 
pressed. 

Fig.  54  is  a  section,  and  Fig.  55  a  complete  representation  on  a 
small  scale  of  the  hydraulic  pcesa.  The  piston  «  is  raised  by  the 
levers  I,  and  the  water  of  the  reservoir  b  pressing  through  the  per- 
ibvated  veasd  r  lifts  the  valve    and  thus  gets  beneath  the  piston  «. 

If  we  prcaa  down  the  lever  /,  the  piston  s  goes  down,  the  water  is 
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forced  back^  closes  the  valve  i,  raises  the  valve  d,  and  runs  through 
the  tube  t  bu  into  the  cylinder  c  c'  of  the  press :  here  it  presses 

FIG.  54. 


against  the  piston  which  it  lifts  with  the  plate  /),  and  thus  the 
body  to  be  acted  on  is  compressed  between  /?'  and  the  fixed 
plate  e. 

The  eflficiency  of  the  hydraulic  press  rests  upon  the  principle 
that  fluids  communicate  every  pressure  equally  in  all  directions. 
If  the  piston  s  be  ])rc8scd  down  by  any  force,  each  portion  of  the 
siu'face  of  the  walls  of  the  vessel,  which  is  equal  to  the  diagonal 
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section  of  tlie  fiiston^  has  to  snstain  an  equal  pressure.  But  now 
we  may  regard  the  under  surface  of  the  piston  p  as  a  part  of  the 
wall  of  the  vessel ;  therefore^  as  many  times  as  the  diagonal  section 
of  the  piitoiip  is  greater  than  the  diagonal  secticm  of  the  piston  t, 
flo  mmy  tfaneB  will  the  finee  with  whieh  the  piatonii  is  devited  he 
greater  tium  the  Ibm  wilih  whieh  the  smaD  piston  is  depressed. 

If  the  area  of  a  section  of  the  piston  s  is  -ri  ath  of  thf  area  of  the 
piston  p,  then  p  will  be  elevated  with  a  force  of  100  pounds,  if  s 
is  pressed  by  a  force  of  one  pomuL   But  with  the  help  of  the  lever 
i,  anaiiiMgf  easiljr  exeraaeapiesiiireolS^ 
9,  and  tfierrfofe  raise  the  piston />  widi  a  fbree  of  8CV00O  poinida. 

A  portion  of  the  force  applied  to  the  lerer  /  is  lost  hy  the 
reantancc  of  friction  before  it  is  transmitted  to  the  piston  p  :  the 
effect^  therefore,  will  always  be  less  than  what  it  should  be 
neeording  to  the  above  considerations. 

E^mliirkm  ^Asosy  Ffmdi.—Tmo  eonditiona  must  be  Infilled 
in  order  tliat  liquid  bodies  ahoiild  be  in  eqnifibriam.  lirst,  thenr 
free  surfaces  must  be  at  right  angles  with  the  direction  of  gravity ; 
and  secondly,  the  forces  of  pressure  acting  on  each  particle  must 
always  be  equal  and  opposed,  the  one  to  the  other. 

If  we  assninii  that  Uie  vpper  surface  of  the  fluid  ia  not  at  rif^t 
nn^eawithtiiedireelienof  grarify,  but  takes  subh  a  fimaaaA 


W19.  56. 


€  d  (Fig.  56),  we  may  suppose  an  indined  plane 
laid  through  any  two  points,  b  and  c ;  a  portion 
of  the  fluid  lies  on  this  inclined  plane,  and  must 
necessarily  gUde  off  from  the  easy  displacement  of 
the  parlicke.  This  will  eonlbine  nntil  the  whide 
upper  sarAiee  ia  erery  wheve  at  ri|^t  an|^  with 
the  direction  of  gravity. 

If  wc  apply  this  to  the  upper  surface  of  the  sea, 
which  we  will  consider  as  perfectly  at  rest,  it  is 
dear  that  if  the  £nrce  of  gravity  alone  acts,  and  is  always  direeted 
toivarda  the  eentral  point  of  the  earth,  the  superficiea  of  aU  seas 
mosl  be  portions  of  a  spherieal  sorfileey  and  tiuKt,  therefore,  the 
surfaces  of  seas  couiiccted  together  must  be  equally  remote  from 
this  central  point. 

If  the  molecules  are  attracted  by  other  forces  than  teReatrial 
gimty,  we  mi^  eanly  nnderatand  ^lat  their  free  tor&oea  mnit  be 
at  rif^  aDf^  to  the  reaaltant  of  grarity,  and  all  tiie  other  nnral- 
taneously  acting  forcer.  As  the  centrifugal  force,  wludi  depends 
on  the  rotatory  movement  of  the  earth,  continually  acts  with 
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gravity  u|Km  ail  bodies,  the  npfier  snrfiMe  of  Uie  waten  ant 

assume  such  a  position  as  to  be  at  right  angles  with  the  n  -uh  i 
of  both  forces.  This  is  also  the  reason  that  the  sea  is  flattened  a: 
the  poles.  At  the  foot  of  great  mountains  which  cause  the  pinn- 
met  to  diverge,  the  mrfiice  of  the  water  also  deviatea  horn  ^ 
regular  farm.  In  the  nme  way  the  attraetire  foree  of  tbe  masD. 
whieh  aets  upon  the  water,  eombmea  with  gravity  to  create  t 
resultant  which  is  not  vertical.  The  moving  surface  of  the  so 
always  strives  to  attain  to  a  position  of  equilibrium,  which  i« 
constantly  disturbed  by  the  motion  of  the  moon,  and  hence  tht 
pcaodical  oacillationa  of  dbb  and  flow. 

We  abo  ohaerve  deviationa  firom  the  normal  smrAm  in  imdf 
endosed  in  vessels :  thns  water  in  a  glass  is  not  even  over  its  whok 
surface,  but  rises  around  the  margin ;  the  surface  of  niercurv,  or 
the  contrary,  is  depressed  at  the  sides,  as  if  it  dreaded  coming  m 
contact  with  the  walls  of  the  vessel.  These  pbeoflmeu  deptmL 
iqxmthe  bws  of  capiUary  attractioiis  whieh  we  porpoa^  al^s^ 
qnently,  to  oonsider  more  fbUy. 

The  second  condition  of  equilibrium  is  self-evident,  lV)r  iK 
molecules  that  are  in  the  interior  of  the  fluid  sustain  a  pressure 
^m  all  the  other  molecules  lying  over  them,  which  they  tranaaul 
in  all  directions.  But  if  the  various  pressnresy  aeting  in  diffemi 
directions  npon  one  mohcnle,  were  not  eqpMJj  it  woold  he  da 
hy  the  strongest  pressure,  and  consegoently  the  Add  maaa  woaid 

not  be  in  equilibrium. 

Pressure  of  Fluids. — If  fluid  masses  arc  in  a  state  of  equilibrium, 
they  eiercise  upon  themselves  and  on  all  sohd  bodies  which  they 
tooieky  %  more  or  less  considerahle  pressore^  the  amoont  of  whick 
we  w31  now  determine.  In  the  first  place  we  will  enmiBe  ^ 
pressore  exercised  from  above  downwards,  or  from  below  npwardx, 
on  horizontal  surfaces,  and  then  the  pressure  acting  upon  the 
lateral  surfaces. 

The  pressure  eiereised  by  a  fluid  from  above  downward  on  &e 
bottom  of  the  vessel  in  which  it  is  contained  is  quite  indepeodoit 
of  the  farm  of  the  vessel,  and  is  always  equal  to  the  weight  of  a 

column  of  the  fluid,  whose  base  is  the  bottom  of  the  vessel,  ami 
whose  height  is  the  vertical  distance  from  the  bottom  to  the  au£&ce 
of  the  fluid. 

The  first  part  of  thia  assertion  is  tuOj  proved  by  help  of  the 
following  apparatus  ^— The  apparatus  (Kg.  67)  consists  of  a  bent 
tube,  a  b  e  ftstened  in  a  box,  and  so  arranged  that  vessels  of 
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diAfOit  ibrm,  as  those  ntdefg  (Figs.  58,  59,  snd  60),  may  be 
screwed  on  at  a.    We  poui-  mercury  into  the  tube^  and  with  the 

no*  &7.  wiQ,  58.      Fio^  99.     WW,  60. 


cury  rises  in  the  arm  c.  If  now 
tbe  cylindrical  vessel  d  be  sevewed  on  at  a,  and  filled  wiUi  water 
to  a  definite  height  k,  the  mercmy  will  rise  in  the  tube  e  to  a 
heigbt  p,  which  we  mast  mark.   The  nsing  of  the  mercury  n  p 

evidently  depends  uj)on  the  pressure  exercised  by  the  water  in  the 
vessel  d  upon  the  surface  of  mercury  which  forms  the  true  bottom 
of  the  vessel.  When  this  has  been  duly  observed^  we  empty  tbe 
Teasel  by  the  help  of  the  eoek  and  semr  on  in  its  plaoe  either 
the  Teasel  e,  widened  at  its  upper  margin,  or  /,  tapering  off 
towards  the  top.  If  we  fill  these  vessels  with  water,  as  high  as  we 
before  did  the  vessel  d,  the  nicrniry  in  the  tii1)c  c  will  a^rain  rise 
exactly  to  the  height  p.  The  pressure,  therefore^  which  the 
bottom  of  these  three  differently  shaped  vessels  bears  is  precisely 
the  eame^  if  oaikj  the  heif^t  of  Ihe  floid  be  the  same.  Ihe 
prsaaore  on  the  bottom  is,  therefore,  as  we  before  obseryed^ 
independent  of  the  form  of  the  vessel,  and  only  depends  upon  the 
>ize  of  the  bottom,  the  height  and  nature  of  the  fluid.  The 
pressure  is  the  same,  whether  the  vessel  be  cylindrical,  contain 
nmeh  (Fig.  61)  or  little  (Fig.  02)  fluid,  be  xectangular  (Fig.  63) 
or  inettned  (Fig.  64).  In  order  to  prove  the  aeeond  part  of  the 
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proposition,  it  will  suffice  to  remark,  that  the  bottom  of  the  cylin- 
drical vessel  (Fig.  62)  must  bear  the  whole  weight  of  the  fluid,  for, 
as  the  lateral  walls  are  vertical,  they  are  incapable  of  supportiDs 
the  least  part  of  the  weight  of  the  fluid.  As,  now,  the  bottoms  i 
the  inclined  vessels,  whether  they  are  widened  or  contracted  at 
their  upper  margin,  sustain  the  same  weight,  it  follows  that  in 
these  vessels  the  pressure  is  no  longer  equal  to  the  weight  of  tk 
fluid  they  contain,  but  is  equal  to  the  weight  of  a  straight  colomi 
of  water  having  the  same  surface  and  height.  As  all  parts  of  the 
bottom  are  pressed  upon  with  equal  force,  it  is  clear  that  the  hil^ 
the  third,  fourth  part,  &c.,  must  sustain  i,  J,  J  of  the  whok 
pressure.  If  we  designate  by  g  the  portion  of  the  bottom,  we  tw 
considering  by  h  the  height  of  the  smooth  surface,  and  by  </tbe 
density  of  the  fluid ;  the  pressure  upon  the  surface  %  is  equal  to 
«  X  A  X  for  «  X  A  is  the  volume  of  the  straight  column  of 
fluid,  and  in  order  to  obtain  the  weight  we  must  multiply  the 
volume  by  the  density. 

With  a  Utre*  of  water  weighing  a  kilogramme,t  we  may  there- 
fore exercise  a  very  small,  or  any  unlimitably  large  amount  of 
pressure  upon  the  bottom  of  a  vessel.  If  the  pressure  upon  tk 
bottom  is  to  be  exactly  one  kilogramme,  we  must  take  a  straight 
cylindrical  vessel  of  any  base  we  choose,  when  the  combined 
pressure  upon  the  whole  surface  will  always  be  one  kilogramme; 
only  the  pressure  which  each  square  centimetre  of  the  bottom  hai 
to  sustain  will  be  large  or  smaller,  as  the  vessel  is  wider  or 
narrower. 

If  we  would  exercise  upon  the  bottom  of  the  vessel  a  pressue 
of  tV  of  a  kilogramme  with  one  kilogramme  of  water,  we  might 
take,  for  instance,  a  vessel  whose  bottom  should  measure  a  square 
decimetre,  and  which  was  so  widened  towards  the  top,  that  a  litre 
of  water  would  only  fill  it  to  the  height  of  one  centimetre. 

If  the  pressure  was  to  amount  to  ten  kilogrammes,  we  might 
take  a  vessel  of  the  same  base  (one  square  decimetre)  so  narrowed 
towards  the  top,  that  a  litre  of  water  would  rise  in  it  to  the  height 
of  ten  decimetres. 

With  a  similar  weight  of  one  kilogramme  of  water,  we  might 


*  The  litre  is  equal  to  1.760  pinta,  or  nearly  equivalent  to  the  English  quart. 
t  The  kilogramme  is  equal  to  15,433  grains,  or  rather  more  than  two  potndi 
avoirdupois. 
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WlUi  equal  ease  exercise  a  pressure  of  rnv^r  &c.  part  of  a  kilo- 
irramnio,  as  one  of  TOO,  1000,  8:c.  kilogrammes.  The  pressure 
uf  fluids  acts  not  only  on  the  bottom  of  the  vessel,  but  upon  every 
pmnt  in  ttemltfkir  of  the  fluid  mask  If  we  Msmne  in  the  interior 


6S. 


of  a  fluid  nan  a  ttratiuii  m  p  parallel  witih  tiie 
■urfree,  aH  tlie  moleealeB  of  thia  rtralnm  wOl 

evidently  be  pressed  upon  by  the  fluid  over  it, 
bearing  the  weight  of  the  fluid  cylinder  n  v  m  p. 
The  stratum  most^  however,  sustain  aueqiaal  ptes- 


we  find  tbai  the  weight  of  the  fluid  eohnm  mhed  fnetses  upon  it 

from  above  downward,  while  an  equal  force  acts  from  below 
upwards.  If,  therefore,  we  immerse  a  solid  cylinder  in  the  fluid, 
its  baae  will  hanne  to  support  a  pressure  £rom  bebw  whieh  strivea  to 

Thia  may  be  proved  by  the  ftDowing  eiperimeiit: — -Take  a 

Fio.  66.  somewhat  wide  glass  tube  v  (Fig.  66),  whose 

lower  margin  has  been  smoothly  polished :  t 
is  a  perfectly  smooth  glass  disc,  secured  in  its 
centre  by  a  thread  passing  through  the  tube, 
so  that  by  drawing  the  Axead,  the  dise  may 
be  made  entvriy  to  dose  the  opening  of  the 
tube.  When  secured  in  this  manner,  we 
immerse  the  tube  in  the  water.  Now,  it  is 
no  longer  necessary  to  draw  the  thread  in 
order  to  prevent  the  £dtting  of  the  disc,  for  it  is  pressed  upwarcb 
by  ^  fluid.  Jt  we  pour  water  into  the  tube,  the  ghMs  diae  will 
fall  by  its  own  weight  as  soon  as  Hie  level  of  Ae  water  in  the  tube 
alniost  equal  to  that  of  the  water  in  which  it  is  immersed,  for 
uow  the  glass  disc  sustains  equal  fluid  pressure  upwards  and 
dkiwu  wards. 

If,  aeootdfam^,  we  were  to  make  an  opening  in  a  ahqp;  the 
waier  would  instantly  enter  the  vessel,  we  must,  in  order  to 

hinder  this,  exercise  a  counter  pressure  equal  to  the  weight  of  a 
column  of  water,  the  same  base  as  the  opening,  and  of  the  same 
height  as  the  depth  of  the  opening  below  the  level  of  the  water. 
Tlie  bottoms  othurge  ships  must,  therefinre,  be  very  strongly  built 
to  euatam  the  pressure  die  water  from  below  upwards.  Ifwe 
•asNDne  that  ^  bottom  is  horisontal,  and  haa  superficies  of  100 
square  nutres,  thia  pressure  would  amount  to  100,000  kilo- 
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grtmincs  if  it  were  one^  and  300,000  kAoffuamm  i£  it 
metroB  bebw  the  level  of  the  sea. 
We  may  thus  ibmi  an  idea  of  the  eoonncrat  praenre 

by  the  livinp:  creatures  inhabiting  the  dqiths  of  the  seas  and  oceaio. 
We  shall  asrain  revert  to  this  subject. 

The  pressure  which  a  given  portion  of  lateral  wall  has  to  auppoct, 
m  tqptl  to  the  wei|^  of  a  coliimii  of  fluid  whose  height  is  equl  u 
the  depth  of  the  eentK  of  gmvity  of  thb  kleial  wall  htkm  Ar 
level  <^  the  UmA,  and  whose  hotimital  baaa  ia  eqoal  to  the  mtd 
the  given  portion  of  the  wall. 

The  amount  of  lateral  pressure  may  be  obtained  from  the 
eorresponding  horizontal  pressure^  aoeording  to  the  pnncqiie  (tf 
the nniibcm tratiimtiiion  of  prearoe  in  all  directioiMk  ThepoiB 
m  (Fig.  65)  is  a  pomt  m  the  horiioatd  hsfttmp;  flicpiMwm  li 
which  it  is  exposed  transmits  itself  uniformly  in  all  directiaoi 
therefore,  also  at  right  angles  to  the  wall.  Every  point  of  the 
lateral  wall  sustains,  therefore,  the  same  pressure  as  every  poiot 
of  the  equally  high  horiiontal  stratum  of  fluid.  If,  now,  «e 
eonaider  any  portiim  of  the  area  of  the  lateral  wall^  wfaoae  highftf 
point  ia  ao  litde  elevated  above  ^e  loweat  point  that  the  piuMMH 
sustained  by  both  may,  without  any  great  error,  be  assumed  » 
equal,  then  we  lind  that  tlie  pressure  sustained  by  this  portion  o! 
the  area  is  s  x  h  x  d,  if  s,  h  and  d  have  the  previously  assumed 
Bignificationa.  In  a  vat  full  of  water^  ten  metna  in  heig^ty  tk 
preaaore  npon  a  aquare  centimetre  of  Uie  lateral  wall  at  the  depKk 
of  one  metre  is  equal  to  100  grammeai  and  at  two  metres  to  2QD 
grannncs ;  and  at  ten  metres,  that  is  at  the  bottom,  to  oac 
kilogi'aTnnie. 

The  ])rcssurc  sustained  by  any  point  of  the  vertical  wall  of  ^ 
yeaael  filled  with  water  may  be  nuide  manifeat  by  a  diagrm  (H^ 

vie.  67.  07)*  Fromaletaatraic^liiiebedmrB 

a  b,  equal  in  length  to  the  depth  c^tk 
point  a  below  the  level  of  the  water,  a  b 
will  then  represent  the  pressure  whick 
the  point  haa  to  snatain.  If  we  mab 
the  aamefigmefor  aeveral  points  of  tk 
vertical  line  r  t ,  the  eitremitiea  of  d 
the  horizontal  lines  of  preasmre  \*'ill  fall 
upon  the  line  r  t.  It  follows,  tlureforc,  tluit  the  combincil 
pressure  which  the  line  r  s  of  the  vertical  wall  of  the  vessel  has  to 
aoatain  ia  rq>reaented  by  the  triangle  r$L   The  point  of  ^pliefr> 
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tion  of  the  resultant  of  all  the  elementary  pressures  sustained  by  a 
section  of  a  wall  is  called  the  centre  of  pressure.  It  always  lies 
ciMper  than  the  centre  of  gravity  of  the  section^  because  the 
praaraie  meraaiaa  m  mteimty  dowuwarda*  The  oentre  of  preaiure 
for  the  vertieai  fine  r  #  is  eaiily  obtained^  for  it  ia  efidently  the 
point  e  at  which  the  line  r  *  is  intersected  by  the  horizontal  line 
parsing  through  the  centre  of  gravity  o  of  the  triangle  r  8  t.  We 
kuive  here  only  considered  a  line  r  s ;  but,  if  for  this  we  substitute 
n  Inrottd  band  of  the  vertical  wall^  its  centre  of  pressure  will  lie 
upon  ita  vertieal  central  line^  and  ita  height  above  the  bottom  vrill 
be  one  third  of  the  heig^  of  the  level  of  the  water  above  the 
bottom. 

Communicatiny  vesaels. — Tlic  above  developed  conditions  of 
equilibrium  are  valid  equally  for  Huids  contained  in  vessels  that  are 
eonnected  together;  that  ia  to  aaj,  if  both  veaada  contain  the  same 
lliiidy  tiie  level  mnat  be  the  same  in  both.  If  we  aaaome  a 
horigantal  partition  wall  to  be  applied  at  m  to  the  veaael  (Fig.  68)^ 
riG.  68.  FIG.  69.  we   obtain   two  vessels. 

According  to  the  princi- 
plea  advanced^  the  pres- 
anre  whidi  this  partition 
vndl  tnatams  frombdow 
is  B.  h,  if  B  designate  the 
area  of  the  partition  and 
h  the  height  p  v.  If  a  6  is  the  level  of  the  iduid  in  the  voider 
Tcwrl^  and  repreaent  the  height «  m,  then  the  pressure  which 
die  partition  vrall  haa  to  support  from  above  downwards  ia  .B  A'. 
If^  now^  vire  suppose  the  partition  vrsll  again  removed,  the  layer 
f)f  water  taking  its  place  will  have  to  sustain  on  the  one  side  the 
pressure  B  h,  and  on  the  other  the  pressure  B  h'.  Motion  will 
necessarily  occur  as  soon  as  h  is  not  equal  to  h'.  There  can, 
thewfoWy  onfy  be  eq[iiilibriom  when  h  and  k  are  actually  equal ; 
that  ia;,  when  the  level  of  the  flnid  ia  equally  high  in  both  veaada. 
If  the  flnids  in  the  two  veaseb  are  diaaimilar,  the  levd  wiD  not  be 
equally  high  iu  both. 

Fio.  70.  In  the  tube,  for  instance,  (Fig.  70),  there  is 

water  in  one  sidci  and  in  the  other  mercury,  the 
flnida  meeting;  at  g.  Bdow  the  horiaontal  plane 
passing  through  y  there  ia  odIj  mercury,  whidi 
is  perfectly  in  equilibrium.  The  column  of 
'  mercury  over  h  has,  therefore,  to  keep  in  equiU- 
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brium  the  column  of  water  above  and,  that  this  may  happen, 
the  heights  of  the  columns  must  be  inversely  to  each  other  as  the 
specific  gnvitiea  of  the  fluids;  that  is  to  sax»  the  column  of  water 
must  be  nesrly  fourteen  times  as  high  as  the  oolunn  of  mefcury^ 
because  the  specific  gravity  of  water  is  nearly  fourteen  times  less 
than  that  of  mercury. 

Whatever  be  the  fluids  used,  the  heights  of  the  columns  must 
always  bear  an  inverse  ratio  to  their  specific  gravities.  Thus  a 
oolvmn  eight  inches  high  of  concentrated  sulphuric  acid  will 
equipoise  one  of  water  148  inches  lii§^;  and  a  colnmn  ei§^t 
nidies  high  of  snlphnric  ether  will  be  in  equilibriom  with  a  colnmn 
of  water  5.7  inches  high. 

We  often  see  that  heavy  bodies  move  in  an  opposite  way  to  the 
direction  of  gravity;  cork  and  wood,  for  instance,  rise  on  the 
BorfiBkce  when  they  are  immersed  in  water ;  in  the  same  manner 
ironriaes  m  mereory,  and  the  air  balloon  in  the  air.  All  these 
phenomena  depend  upon  the  prmdple  known  by  the  name  of  the 
AeMmeimn  principle ,  from  having  been  discovered  by  Arekknedef, 
This  princi])le  uiay  be  thus  expressed  : — A  body  immersed  in  a 
fluid  loses  a  portion  of  its  weight  exactly  corresponding  with  the 
weight  of  the  fluid  displaced  by  it.  Or,  to  express  the  same  more 
correctly : — ](f  a  body  be  immersed  in  a  fluid,  a  portion  of  its  weight 
will  be  nuUtitied  by  the  fludd,  equal  to  the  weight  of  the  flmd 
displaced. 

We  may  convince  ourselves  of  the  truth  of  this  principle  ^y 

means  of  a  siniplc  experiment.    Immerse  a  regular  prism  vertically 
in  a  fluids  as  shown  at  Fig.  71,  then  every  pressure  on  the  sides  of 
no.  71.      the  phsm  is  destroyed  by  an  equal  and  opposite 
pressnie;  but  the  upper  surface  snstains  the 
pressnre  of  a  column  of  fluid  having  an  eqnal  base 
with  the  prism,  and  the  height  k.   The  nnder 
surfiice,  however,  is  pressed  upon  from  below 
upwards  by  a  force  equal  to  the  weight  of  a 
column  of  fluid  of  the  same  base,  and  of  the 
height  h\   The  heights  h  and  h'  differ  exactly  by  the  height  of  the 
prisnif  and  therefore  it  is  clear  that  the  pressure  on  the  under 
surface  exceeds  that  on  the  upper  surfoce  by  the  weight  of  a  colnmn 
of  fluid  equal  to  the  volume  of  the  prism.   But,  as  this  excess  of 
pressure  acts  upwards  against  the  gravity  of  the  body,  the  action 
of  the  force  of  gravity  of  the  body  is  evidently  diminished  in  the 
^  spocitied.    If,  for  instance,  the  base  of  this  prism  be  one 
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s(|aare  ceatxtnietatf  its  height  ten  centimetres^  and  the  upp 
snifree  three  eenttmetree  below  the  level  of  the  water,  the  imp 
has  to  suitain  a  preaanxe  of.a  edhimn  of  water  whoae  baae  ia  one 

aqnare  centimetre^  its  height  three  centimetres ;  consequently  a 
weight  of  three  cubic  centimetres  of  water,  that  is,  of  three 
grammes.  But  the  lower  surface  is  thirteen  centimetres  below  the 
level  of  the  water,  and  haa^  therefore,  to  sustain  a  foroe  acfcmg 
team  bdow  iqpwarda  and  eqatl  to  the  wein^t  of  a  odnnm  of  water 
wlioae  haae  ia  one  aqnare  eentimetre  and  height  thirteen  cent!- 
nu'trcs,  that  is,  thirteen  grammes.  If  we  deduct  from  these 
thirteen  grammes  the  amount  of  the  pressure  of  the  three  grammes 
acting  downwards  upon  the  up{)er  surface,  there  remain  ten 
IpnanuuBa  for  the  fbiee  with  whidi  the  priam  ia  urged  npwarda  by 
the  pfeaanxe  of  the  water.  Bnft  ten  granmiea  ia  the  weight  of  a 
colnmn  of  water  of  equal  volume  with  the  priam.  If  this  priam 
were  of  marble  it  would  weigh  twenty-seven  grammes;  but,  on 
being  immersed  in  water,  it  has  to  sustain  a  pressure  of  ten 
gmnmea  directed  upwards,  and,  consequently,  in  the  water  it 
win  be  ten  grammes  lighter.  If,  in  the  phiee  of  one  priam,  we 
Fie.  72.  take  aevend  together,  it  ia  dear  that  each  separate 
7  one  will  lose  on  being  immersed  in  th(;  water  an 
amount  of  weight  equal  to  an  equal  vohmie  of  water, 
and,  consequently,  the  loss  of  weight  sustained 
by  the  whole  body  composed  of  the  aevend 
prisma  will  eq[ual  the  wei§^t  of  a  maaa  of  water 
of  equal  volume  to  the  combined  volume  of  the 

prisms.  As,  however,  wc  may  miagine  any  body 
decomposable  into  a  number  of  such  vertically-placed  prisms  of 
very  small  diameter,  the  conclusion  may  be  extended  to  any  body 
w«  chooae  to  take. 

A  totally  diffinrent  mode  of  deduction  leada  us  to  the  same  result. 
If  we  suppose  the  space  oeeupied  by  the  body  immersed  in  water 
to  be  tilled  w^ith  water,  this  body  of  water  will  float  in  the 
remaining  mass  of  the  liquid,  neither  rising  nor  sinking.  If,  now, 
we  assume  this  body  of  water  to  be  replaced  by  another  which, 
with  an  equal  vofamM^  haa  also  an  equal  weight,  this  latter  will 
likewiae  float,  ite  whole  weif^t  being  sustained  by  the  water  in 
which  it  is  immersed,  whence  it  is  clear  that  a  portion  of  the 
weight  of  every  immersed  l)ody  is  sustained  by  the  water,  and  is 
equal  to  the  weight  of  the  fluid  displaced. 

We  may  convince  ourselves  of  the  truth  of  the  Archimedean 
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pnoaplB  by  dmd  coipmMnt*  To  one  of 

ordinary  balance  (Fig.  73)  is  attached  a  hollow 

79. 


from  which  is  suspended  a  massive  cyHnder,  accurately  filliwr 
the  cavity  of  the  former.  On  the  other  scale-pan  are  plaeal 
Buffident  wdghts  to  eqmpoise  the  irbia^  If,  noir,  the  tr^Vankt 
p  be  inmiened  in  water,  it  will  lose  a  portien  of  ita  weiglity  «i 
tbe  eqdfibrnim  w31  be  thva  dutmbed ;  to  re-^stabluii  this,  tlie 
cylinder  c  need  only  be  filled  with  water,  which  clearly  prores 
that  p  has  lost  as  much  weight  by  being  immersed  in  the  water  as 
the  contents  of  the  cylinder  c  weigh.  But  the  vfdnme  of  water  in 
e  IB  eqnal  to  the  water  displaced  by  the  cylinder  p,  and  the  kmd 
weight  of  ji  ia  conaequentfy  equal  to  the  weig^  of  the  diiflMi 
water. 

As  we  have  already  seen,  there  would  be  equilibrium  if  ^ 
could  convert  into  water  the  immersed  body.  But  this  body  d 
water  wonld  remain  perfectly  in  eqnilibriom,  whidiefer  w^  i 
were  tamed,  roond  its  centre  of  gravity.  ThB  prcsame  of  m 

surrounding  fluid  acting  from  below  upwards  is^  therefore,  a  fffm 
whose  point  of  application  corresponds  with  the  centre  of  cravit^ 
of  the  ideal  body  of  water.  This  point  may  be  termed  the  ceatli 
of  pressure  of  the  fluid.  J 

If,  now,  this  ideal  body  of  water  be  rqilaoed  by  any  ' 
substance,  as,  for  instance,  cork^  marble,  or  iron,  the 
which  this  body  wiW  have  to  sustain  from  the  surrounding 
of  water  will  be  precisely  the  same  as  that  which  the  ideal  body 
water  has  supported.   A  body  immersed  iu  water  ii^  thi 
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•abject  to  the  action  of  two  forces^  whose  magnitude  and  point  of 
ippligrtion  we  Boir  know.  ftnt  £»ree  n  the  gvsvily  of  tlie  bod^ 
•etmgliroiii  ibove  domwatd^uidiriioae  point  of  iip{diailk^ 

centre  of  gravity  of  the  body ;  the  second  force  acting  from  below 
upwards  is  equal  to  the  weight  of  the  water  displaced,  and  its 
point  of  apphcation  is  the  centre  of  gra\ity  of  this  mass  of  water, 
if  an  eatiiely  aabmcrged  body  is  perfectly  homogeneous^  its  centre 
of  gnvi^  will  comipond  with  the  eentie  of  gravity  of  tfie  water 
displaeed. 

This  upward  pressure  of  duids  is  designated  by  the  term 
buoyanaj. 

OmdUums  of  equilibrium  of  submerged  Bodies, — For  a  perfectly 
homogeneoot  body  sobmerged  in  water  to  keep  itself  suapended^ 
Botbing  more  is  neceaaeiy  tium  tint  ita  weight  be  eiaetly  equal  to 
tiiat  of  the  fluid  diaplaeed,  the  position  of  the  body  htmg  entirely 

indifferent :  here  we  have  an  instance  of  indifferent  equilibrium. 
In  order  to  prove  this  by  an  experiment,  let  us  form  a  body  of  any 
shape  from  a  mass  composed  of  one  part  of  £nely  pulverized 
einnabar,  and  226  parte  of  white  wax.  The  eonaUtnema  mnat  be 
wdl  worked  together,  that  tke.maaa  may  bafe  tke  requisite 
mnfermity.  A  body  thna  eompoeed  will  float  in  water,  and 
rt main  in  equilibrium  in  any  position  in  which  we  place  it.  In 
spirits  of  wine  it  will  sink,  while  on  a  saline  solution  it  will  rise 
ind  float  on  the  surface. 

If  tbeiauucsaedbodtybenot  bomogeneonsy  so  that  ita  centre  of 
parity  does  not  correspond  with  the  centre  of  gravity  of  the  water 
hsplaced,  it  may  still  float  in  the  fluid,  if  its  total  weight  is 
exactly  equal  to  the  weight  of  the  water  displaced;  but  it  can  only 
)e  in  equilibnum  if  the  centre  of  gravity  of  the  body  and  that  of 
he  water  displaced  be  in  aTortical  line^  and  stable  equilibrium  can 
nly  be  estnbliabed  if  the  oentre  of  givrity  of  tbe  body  is  in  the 
owesc  poaitHrai. 

Conditions  of  equilibrium  of  Floating  Bodies. — If  a  body  float,  its 
rhole  weifjht  is  equal  to  the  weight  of  fluid  mass  displaced  by  the 
ounersed  portion  of  the  body,  the  condition  of  the  stability  of 
joatiBg  bodies  diSm,  however,  frmn  that  of  submerged  bodies. 
i  Mp,  Ibr  instance,  weighing  one  miDbn  kitogrsmraes  is  in 
quilibrium  if  it  disphee  1,000  enbic  eentimefami  of  water;  and,  if 
s  centre  of  gravity  and  the  centre  of  pressure  of  the  water  lie  in  a 
ertical  line,  we  may  have  a  condition  of  stability  even  if  the  centre 
i  gravity  do  not  lie  below  the  centre  of  pressure,  it  being  sufficient 
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if  it  lie  lower  than  anotber  point,  termed  the  metacentre.  The 
position  of  this  latter  point  depends  upon  the  form  of  the  ship,  and 
the  position  of  the  centre  of  gravity  upon  the  manner  in  which  the 
ship  is  loaded. 

Although  a  general  det^mmation  of  the  metaeenltre  would  be 
hardly  in  place  here^  we  must  yet  endeaTcrar  to  give  some  idea  of 
it : — Let  a  bed  (Fig.  74)  be  the  section  of  an  immersed  body,  and^ 

for  the  sake  of  clearer  illustration,  kt  us  assume  this  scetiun  to  be 
no.  74.  an  elongated  paralleloj^am.  If  the  body  swim 

in  a  position  of  equiiibrium^  it  will  snik  as 
low  as  e  /.  The  centre  of  gravity  of  the 
displaced  mass  of  water  is  at  and  the 
centre  of  gravity  of  the  body  lies  upon  the 
vertical  line,  passing  through  m.  If  it  be 
below  m,  the  body  will  swim  stably  in  every 
case,  for  wc  have  a  body  suspended,  as  it 
were,  at  the  point  m  in  the  water^  and  whose  centre  of  gravity  is 
deeper  than  its  pomt  of  suspension^  and  consequently  a  pendulum 
that  oscillates  about  the  position  of  equilibrium. 

If  the  body  be  changed  from  the  podtion  of  equiin>Tium  to  the 
one  represented  in  Fig.  75,  the  triangle  e  g  h     raised  out  of  the 
,,Q,  75.  water,  while  g  i  f  is,  on  the  contrary, 

immersed ;  but,  as  the  quantity  of  the 
water  displaced  must  always  be  the 
same,  whatever  be  the  position  of  the 
body,  it  follows  that  eg        g  i  f. 
But  the  form  of  the  submerged  portion 
differs  from  what  it  prevnously  was, 
and,  consequently,  the  centre  of  gravity 
of  the  displaced  mass  of  water  is  no  longer  at  m,  but  at  another 
point  0,  whose  position  must  be  especially  ascertained  in  eadi 
individual  case.   If  we  suppose  a  perpendicular  drawn  through  o, 
it  will  intersect  at  a  point  g  the  perpendicular  drawn  in  the 
position  of  equilibrium  through  m ;  the  point  q  is  the  metacentre. 
WTien  the  centre  of  gravity  of  the  body  lies  below  9,  on  the  line 
m  q,  the  weight  of  the  body  acting  at  0  will  turn  it  round  o  in  such 
a  manner  as  to  make  it  return  to  a  position  of  equilibrium.  A 
floating  body  loses  its  stability  entirely  if  its  centre  of  gravity  lie 
above  the  metacentre* 

The  broader  the  immersed  portion,  and  the  lower  its  centre  of 
gravity,  the  greater  is  the  stability  of  a  floating  body. 
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The  Archimedean  ])riucij)le  affords  us  excellent  means  of  ascer- 
taimng  the  weight  of  solid  and  fluid  bodies,  lu  order  to  compute 
the  density  of  a  solid  body^  we  must  know  its  absolute  weight, 
and  the  weight  of  an  eqtud  volume  of  water.  Bat  in  most  cases  it 
is  very  difficulty  and  even  impossible,  to  obtain  the  volume  of  a 
body  by  measuring  its  dimensions.  According  to  the  Archimedean 
princi^)le,  a  single  experiment  gives  us,  without  anything  further 
being  necessary,  the  weight  of  a  mass  of  water,  having  an  equal 
volume  with  the  body  to  be  determined;  leaving  us  only  to  decide 
tlie  loss  of  weight  on  inmiersion. 

In  order  to  obtain  this  result  easily  by  means  of  a  balance,  the 
I  Instrument  undergoes  a  slight  alteration,  by  which  it  is  converted 
into  a  hydrostatic  balance  (Fig.  76).    We  bubstitute  for  one  of  the 

na.  76. 


usual  scale-pans  one  that  does  not  hang  down  so  low,  and  to  the 
lower  part  of  which  a  hook  is  attached  on  which  the  body  to  be 
determined  may  be  suspended.  When  this  is  done^  we  may 
ascertain  the  absolute  wei§^t  ^  of  the  body  by  laying  weights  m 
the  diher  scsle-pan.  If  we  now  immerse  the  body,  we  must 
remove  a  part  a  of  the  weight  (/  to  restore  equilibrium  ;  a  is 
cuubcquently  the  loss  of  weight  sustained  by  the  body  from 

immersion,  and  ^  ia,  therefore,  its  specific  gravity. 

Niekokmi^i  Jreometer  (Fig.  77)  may  be  used  to  detenmne  the 
speeifie  gravity  of  solid  bodies,  instead  of  the  bslance.   To  a 

hollow  glass  or  metal  body,  v,  a  small  heavy  mass  /  (a  glass  or  metal 
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sphere  filled  with  lead)  is  suspended^  and  auperioih 
there  is  attached  to  it  a  fine  stem  supporting  i 
plate  c,  on  which  small  bodies  and  weights  may 
laid.  The  inatniment  floats  vertioally  in  the 
becanae  its  oentre  of  gnfity  ia  vsy  hm  m 
quenoe  of  the  weight  h  Tlie  instranMBft  ia  m 
arranged  that  the  upper  part  of  the  body  v  projecti 
above  the  water.  If,  now  we  lav  the  body  who* 
apecidc  gravily  we  would  asc^Mrtaiii  upon  the  platt 
e,  the  inatmrnent  will  deaeend,  and  by  addii^ 
additional  wei^  we  may  eaaOy  mdke  it  ainktatk 
point  /  maiked  generally  by  a  hne  on  the  rod.  We 
remove  the  mineral  or  other  substance  we  have  been 
using,  and  substitute  in  its  place  as  many  weiirl  tj 
as  will  again  make  the  instroment  aink  to  /.  I4  la 
the  place  of  the  nuneral,  we  hate  had  to  iaej  on  a 
nunignmiiiea^  the  weight  of  the  mineral  ia  eq[iial  to  n  miK- 

grauiiiies. 

If,  in  this  manner,  we  have  ascertained  the  absolute  w  eisrht  d 
the  mineral^  the  n  milhgrammes  must  be  again  removed^  and  the 
body  laid  in  a  biisket  placed  between  v  and  /.  The  instrammt 
would  now  again  aink  to/if  the  body  laid  in  the  baaket  had  not 
loet  weight  by  being  immeraed  in  the  water :  we  must,  therdbie, 
lay  on  the  plate  the  weight  m  iiiilli«;ramnie,  that  the  body  mav  be 
innnersed  to  the  mark.  In  this  manner  \\v  obtain  the  absolute 
weight  of  the  body     and  the  weight  of  an  equal  volume  of 


m;  the  spccihc  gravity  we  seek  is^  thereforei  ~ 
If,  Ifor  ittstanee,  we  have  to  deteruime  the  specific  gfwity  of  t 

diamond,  we  must  lay  it  on  the  plate  and  add  suftieient  weight  to 
make  the  whole  sink  to  /.  If  we  tind  after  removing  the  diamond, 
that  we  must  lay  on  1.2  grammes  to  cause  the  areometer  to  sink 
again  to  the  aame  pointj  the  abaolnte  weight  of  the  alone  woold  k 
IJSb  grammea.  Theae  weig^ta  mnat  be  again  taken  away  and  the 
diamond  laid  in  the  basket ;  then,  in  order  to  make  the  instrument 
sink  to/,  we  must  add  0.34  grannnes  more;  the  weight  of  a  volume 
of  water  equal  in  volume  to  the  diamond  is,  theretore,  0^ 

1  2 

grammes,  and  the  specific  grav  ity  required  is        =  3.53. 

The  tqpedfic  gravity  of  liquids  may  alao  be  determined  hy  Nidnl* 

aon'a  areometer.   As  the  instrument  always  diukb  so  fai*  that  its 
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iwwfllii  added  to  tke  weight  upon  the  plate  ia  equal  to  the  maaa  of 
Bqiiidi  diap1aeed»  we  may^  by  the  aid  of  this  instrament^  ascertain 

bow  much  a  definite  volume  of  water  weighs.  It  is  necessary, 
however,  to  know  the  weight  of  the  inatrument  itself.  Suppose 
bhia  weight  to  be  n,  we  must  lay  on  some  additional  weight  to 
inake  tlie  ioBtnmieat  nnk  to /;  if  we  deaigiiatethia  addition  by  a, 
klMnia»  -I-  atbe  wdg^  of  water  diaplaeed. 

If  we  immerse  the  instrument  in  another  liquid,  wc  must  lay  on 
another  weight  b  in  the  place  of  a,  to  make  the  whole  sink  to /; 
b  will  be  greater  than  a  if  the  liquid  be  denser^  and  less  than  a 
if  it  be  Ughter  than  water.  The  wejf^t  of  the  liquid  displaced  ia 
n  ^  hi  but  ite  relume  ia  enctfy  aa  gnat  aa  tbe  Tolume  of  the 
maaa  of  water^  whoae  weight  ia  »  +     became  llie  aieomieter  haa 

aonk  equally  deep  in  both  cases. 

Suppose  the  instrument  weigh  70  grammes,  we  must  add  20 
grammes  to  make  it  sink  in  waU^r^  and  1^7,  that  it  may  sink  to 
the  point/in  ipinte  of  wine;  tboi  the  qpedfie  gKivity  of  apiiita  of 

rone  =  o-^^- 

llie  delicacy  of  the  areometer  is  proportionate  to  the  slightneaa 
of  stem  in  couiparison  with  the  immersed  volume. 

It  is  always  a  somewhat  tedioua  pioeeea  to  aioertain  the  specific 
grmkiea  of  Uqoida  with  tbia  ammeter^  and  we  might  effect  our 
[)arpoae  aa  qmddy  and  with  muoh  more  eiactneia  by  meana  of  the 
balance,  in  the  manner  already  indicated.  But  it  often  happens 
fur  practical  purposes,  that  we  desire  to  obtain  by  a  short  process 
the  specific  gravity  of  a  fluid  in  as  simple  a  manner  as  possible, 
in  order  to  eatimate  its  quality.  In  such  cases,  it  is  quite  sufficient 
to  obtein  the  apecifie  granty  within  a  coiq^  of  decimal  pUm^  and 
thia  purpose  ia  most  readily  efleetod  by  meina  of  the  graduated 

areometer,  which  we  will  now  consider. 

The  fjraduated  Areometer. — By  means  of  Nicholson's  areometer 
the  specihc  gravity  of  a  liquid  is  obtained  by  a  companson  of 
the  abiohite  weig^  of  equal  volumea.  But  the  use  of  the 
gvadnated  areoniater  ia  baaed  upon  tiie  piinciple  that,  with 
equal  abaolute  woi^ts^  the  apeoifie  gnmtiea  are  umrady  aa 
their  volumes. 

Fi§:.  78  represents  a  graduated  areometer.  It  usually  consists  of 
a  cylindrical  glass  tube^  which  is  enlarged  at  the  bottom  as  repre- 
esatedin  the  drawing.   The  lower  ball  ia  partially  filled  with 
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mercury,  to  enable  tlie  instrument  to  float  upright.  If  we  now 
suppose  the  mstrumeut  to  be  iloatinp;  in  the  water,  the  weight  of 
no.  78.  water .  dUsplaoed  is  equal  to  the  weight  of  the  instrument. 
U  we  now  inunerae  it  in  another  liquid,  it  will  sink  to  a 
greater  or  leaser  depth,  aooording  to.  whether  the  liquid 
is  liirliter  or  heavier  than  water.  Supposing  that  the 
areometer  wei^^h  ten  grammes,  it  will  displace  ten  cubic 
centimetres  when  floating  in  water.  If  we  immerse  it  in 
spirits  of  wine,  it  will  sink  so  low  that  the  spirits  of  wine 
chsphiced  will  also  weigh  ten  grammes.  But  ten  gnmmea 
of  spirits  of  wine  occupy  more  qpace  than  ten  grammes 
of  water;  l^e  instrument  must,  therefore,  sink  so  deep 
that  the  volume  immersed  in  the  spirits  of  wine  shall 
be  inversely  to  the  volume  immersed  in  water  as  the 
specific  gravity  of  these  liquids. 

We  may  now  well  undmtand  that,  if  the  tube  be 
properly  diyided,  we  may  ascertain  the  specific  gravity 
of  a  liquid  by  one  single  easily-conducted  experiment. 
Amongst  all  the  scales  that  have  been  applied  to  the  areometer, 
the  one  proposed  by  Gay  Lussac  is  incontcstibly  the  simplest 
and  most  efficacious ;  we  will  therefore  consider  it  first. 

We  must  suppose  the  point  a  of  the  tube  of  an  areometer,  to  be 
marked,  as  bdng  the  pouit  t6  which  the  instrument  sinks  in  water, 
and,  starting  from  thenoe,  that  a  series  of  lines  are  so  arranged 
that  the  volume  of  the  portion  of  the  tube  intervening  between  two 
marks  is  T^  oth  part  of  the  volume  immersed  in  the  water.  If,  for 
instance,  we  assume  that  the  volume  of  the  submerged  portion  of 
the  areometer  is  exactly  ten  cubic  centimetres,  then  the  volume  of 
the  portion  of  the  tube  intervening  between  the  two  marks  would 
be  0.1  of  a  cubic  centimetre. 

The  watermark  a  is  numbered  100,  and  t^e  divisions  are  num- 
bered upwards.  Areometers  thus  graduated  are  designated  bv  the 
special  term  volumeters.  Supposing:  tliat  the  areometer  sank  in  any 
liquid  to  the  mark  80  on  the  volumeter,  wc  know  that  80  parts  of 
this  liquid  weigh  ns  much  as  100  of  water ;  the  specific  gravity  o£ 
this  liquid  is,  therefore,  to  that  of  water  as  100  to  80^  and  come* 
quently  =  VV  or  1.25. 

If  the  volumeter  were  to  sink  in  another  liquid  to  the  mark  116, 
we  should  find  by  a  similar  mode  of  deduction  that  the  specitic 
gravity  of  this  liquid  was  -ri^  or  0.862.    In  short,  if  the  volumeter 
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mk  to  a  AfimU  point  y  of  the  teale,  we  find  the  specific  gravittj  s 
f  the  liquid  on  dividing  100  bi/  the  number  obsei-ved  upon  the 

raduated  9cde ;  that  it.  b  s= 

y 

The  aoonnusy  of  sodi  an  imitniiiieiit  ib  incveaaed  in  prqpQrtion 
o  the  diBtanee  of  one  mark  from  the  othor,  and  in  proportion  to 
he  thiiwiffna  of  the  tabe  in  oompariaon  with  the  volnme  of  the 

^'holc  instrument.  In  order  to  avoid  having  ver}'  Ions:  tubes,  no 
uluiiK'ter  is  made  applicable  to  all  Huids,  there  being  diti'erent  ones 
hat  can  be  used  either  for  lighter  or  heavier  fluids.  In  the  former, 
he  walenuark  100  ia  near  the  lower ;  and  in  the  latter,  near  the 
ipper  eiiramfy  of  the  tabe. 

Belbte'the  gradnatkm  is  made^  the  quantity  of  mercury  in  the 
»all  of  the  iiisti  uiiu  nt  must  be  so  regulated  that  it  will  sink  in  the 
fc^ater  citht  r  to  a  point  lying  near  the  lower  or  upper  end  of  the 
ube.  When  this  is  done^  a  aeoond  point  in  the  scale  muit  be 
obtained  in  the  following  manner : — 

Suppose  .the  inatmment  to  be  intended  for  heavy  liquids,  and, 
hcrefore,  having  the  watermark  at  the  upper  end  of  the  tube. 
>Ve  provide  ourselves  with  a  liquid  whose  specific  weight  is  exactly 
L.25,  and  which  we  can  easily  obtam  by  a  mixture  of  water  and 
mlphnric  acid,  its  specific  gravity  being  tested  by  means  of  the 
lelanee.  In  thia  liquid  we  now  immerae  the  inatnunenti  observing 
:he  mark  to  which  it  ainka.  But  the  qieeifie  gravity  1.26  corwia- 
iuiids  to  the  mark  80  of  the  volumeter  scale.  This  last  observed 
[>oint  is,  therefore,  to  be  marked  80,  and  the  intervening  s})ace  to 
oe  divided  into  twenty  equal  parts;  a  similar  graduation  being 
aonried  on  below  the  point  80. 

If  the  vohmieter  be  deajgned^w  light  bqiiidai  and  the  marie  100 
be  conseqnently  at  the  lower  part  of  the  tabe,  we  find  a  aeoond 
[>oiDt  in  the  scale  on  iunnersing  the  instrument  into  a  mixture  of 
irater  and  spirits  of  ^^^ne,  the  specific  gravity  of  which  is  accu- 
initely  0.8.  This  specific  gravity  0.8  corresponds  to  the  mark  125, 
md  we  mnaty  therafiExre,  divide  the  apace  between  this  mark  and 
the  watermark  into  tWenty-five  eqnal  parte.  The  diviakma  are 
rrcnerally  marked  upon  a  atf^  of  paper,  and  fcattmcd  to  the 
Ulterior  of  the  tube. 

The  relation  existing  between  the  different  gi*aduated  points  of 
the  voltuneter^  and  the  specific  gravity  will  easily  be  understood  by 
looking  at  the  aceompanying  diagram.  The  line  a  b  (Fig.  79) 
icpreaenta  a  vohmieter  sode^  ranging  frmn  the  mark  60  to  the 
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m.  19.  BiaA    laO.    At  epory  toid 

point  of  division  a  perpcndioila: 
is  drawn,  on  which  is  mjirk^' 
the  length  proportianate  toik 
corresponding  ipecific  gnritj 
TkoB,  if  thepftpetKHmkr  At 
Udoq^  <]ie  pomt  100  k  1,  tk 
through  50  is  2,  that  throu-: 
120  0.83  and  so  forth,  it  l*  u 
oonne  quite  immatmai  «ki 
wnt  weokoote  in  tkegniMliv 
of  tfaese  perpendwnkra. 
The  summit  of  these  perpendiculars  are  connected  hy  a  c  i.n?« 
lint',  which  represents  the  law  connecting  the  points  of  the 
and  the  corresponding  speciiic  gravities.  The  cune  aaoeadds  tk 
more  rapidly  aa  it  approaches  the  lower  points  of  the  Toluiiietk? 
Beak  lyuig  near  a.  From  thia  it  ia  endoBl  that  the  diftwu 
between  the  perpendieiikra  drawn  throogli  60  and  70  nml  W 
grreater  than  that  existinp:  hetween  the  equally  distant  perpen- 
diculars drawn  through  120  and  130;  or,  in  general  tenu*. 
that  an  equal  numher  of  degrees  on  the  lower  end  of  the  volumetti 
■eak  eofrapond  with  a  greater  difference  of  specific  gnmtf 
on  the  upper  part.  It  tether  Ibilowa  tiH^  if  tiK  giadnted 
of  the  scale  are  to  eorrespond  to  equal  diflUemuja  of  apeeiit 
gi*avit}',  the  distance  between  two  ]>oints  must  be  greater  at  tk 
upper  than  at  tlie  lower  part  of  the  scale. 

Another  excellent  mode  of  dividing  the  areometer  scale,  piO|wi 
alao  by  Gay  LuaeaCy  but  previoualy  made  uae  of  by  BriaMm  aai 

0.  O.  8diniidt>  givea  tiie  qiedfic  graritiea  direetty.  Hie  rdiiiga 
of  thia  scale  to  the  volumeter  scale  will  be  easily  understood.  H 
we  mark  on  any  of  the  perpendiculars  (Fig.  79)  the  heights  0.^, 

1,  1.2,  1.4,  1.6,  &c.,  and  draw  horizontal  lines  through  the* 
heights  to  intersect  the  curve,  and  from  these  pomta  of 
peipendiealars  down  to  the  line  rcprcaonting  the  inhn 
or^  as  is  the  ease  in  our  diagram^  to  a  Une  m  n,  lying  aomewhst 
above  that  of  the  volumeter  scale,  we  obtain  the  degrees  upon  the 
scale  coinciding  with  the  speciiic  gravities  1.8,  1.6,  1.4,  Sec.  But 
we  here  see  how  unequal  are  the  divisions  of  the  scale,  and  hos 
much  they  increase  in  size  fimn  the  lower  towards  the  mgifa 
parte. 

Wo  have  here  only  given  the  construction  of  this  scale  for  iht 
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oints  firoBi  20  to  80  p.  e.  of  the  specific  gravity.  Ifwewidito 

instruct  a  scale  according  to  this  method,  the  figure  must  be 
rawn  according  to  much  larger  proportions,  and  the  points  from 
t  least  5  to  5  p.  c.  of  the  specific  gravity  must  be  obtained.  The 
itenrab  may  then  be  divided  equally  without  any  mariced 

Anodmr  niediod  of  congtnictuig  theee  eeales  hm  been  proposed 

y  Schmidt.  Although  the  specific  gravity  may  be  obtained 
ircctly  by  means  of  areometers  of  this  kind,  the  volumeter  has 
{rest  adv  antages.  In  the  fiist  plaoe,  the  completion  of  a  volumeter 
(ait  la  infinitely  eadcr ;  owing  to  the  unifonnity  of  the  divisknis, 
m  may  graduate  tiie  seals  witih  much  greater  aoeoiaey^  while  the 
slodstkms  that  have  to  be  made  to  learn  the  specific  gravity 
rcordmg  to  tlic  volumeter  scale  are  so  extremely  simple  that  they 
trtaiuly  cannot  furnish  any  grounds  of  objection  to  the  use  of  that 

natriimp.nf- 

In  a  pTMtieal  p(Mnt  of  new,  ovr  son  is  not  so  much  to  leam  the 
fmfie  gravi^  of  a  liqnid  ss  to  know  tte  point  of  concentration  of 
isshne  solution  and  the  proportion  of  mixture  in  a  liquid.  These 
{K)iuta  certainly  stand  in  such  close  relation  to  the  specific  gravity, 
that,  if  by  help  of  the  areometer  we  can  ascejrtain  the  ipecific 
gntvity  of  a  liquid,  we  may  also  draw  a  ooffieet  conclusion  as  to  its 
oafcure.  Special  areometen  have  beoi  constnieted  for  soch  liquids 
IS  sie  most  frequently  used,  giving  the  direct  proportions  of 
ouxture.    We  will  only  cousider  one  of  the  most  impoi*tant  of  these 
—the  alcoholometer. 
Fir:  SO.     This  instrument  serves  to  determine  the  amount  of 
II    alcohol  in  a  niztare  of  water  and  spirits  of  wine. 
H       The  qiecifb  gravity  of  alcohol  is  0.798  if  we  tske  that 
H    of  water  as  unity ;  a  mixture  of  water  and  absohitc  alcohol 
II     will,  therefore,  have  a  density  falling  between  1  and 
I    0.793,  and  approaching  more  nearly  to  either  extremity 
y    as  the  water  or  the  alcohol  prqionderates  in  the  miztmn. 
H    The  densi^  deviaiesi  however,  from  the  arithmetical  mean 
H    reckoned  from  the  proportions  of  the  mixture. 

I The  reason  of  this  deviation  is  to  be  sought  in  the 
contraction  occurring  when  we  mix  water  and  spirits  of 
wine,  and  which  we  will  first  make  evident  by  an  eqieri- 
ment. 
If  we  take  a  glass  tube,  such,  for  instance^  as  is  used 
the  Tofricellian  experiment,  fill  one  half  with  water  and  the 
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femainder  with  spirits  of  wine  (for  the  Leetare  Boom^  the  eolssni 
spirit  of  wine  w  preferable),  we  shall  find  the  liquids  do  not  mix,  tk 


d  20  40  M  80  100  point  20  is  dividtd  by  the  diagonal  of  tht 
parallelogram  in  such  a  ratio  that  ^%ths  of  its  whole  length  fiD 
within  the  shaded^  and  the  remaining  i^ths  in  the 
part  of  ^e  figore;  it  oorreqpondsy  therefor^  to  m  case  wtiae  w 
haveamiitareofSOpsrts  water  with  20  parts  qnrits  of  wine.  Bit 
in  this  case,  the  mixture  forms  a  volume  only  0.982  of  the  sum  c: 
the  mixed  Nohimes,  on  which  account  the  Icnsrth  of  0.982  b 
marked  upon  this  perpendicular,  counting  from  below  (taking  tbt 
whole  length  of  the  perpendicular  as  the  unit).  Thus  the  Ua^A 
0.966  is  marked  at  the  point  60,  because  40  p.  e.  of  water  mad 
with  60  p.  c.  of  spirits  ^  wbie  coincide  with  0.966,  the  sum  of  ^ 
mixed  volumes.  The  numlx^rs  standing  over  every  perj>endiciilir 
give  for  each  case  the  exact  value  ul"  the  volume  according  to  tk 
mixture,  if  the  sums  of  the  mixed  volumes  be  1000.  A  cunei^ 
drawn  over  the  points  marked  in  the  way  indicated  <m  the  difecnt 
perpendiculars.  The  vertical  distance  between  eaeh  point  of  tlw 
carve  fnm  tbe  upper  horiiontal  line  rqmMiita  the  amount  of  tk 
eontraetion. 

From  these  considerations  it  follows  that  the  specific  gravity  of  i 
mL\tm-e  of  water  and  spirits  of  wine  must  always  be  greater  tbsD 
the  computed  arithmetical  mesn.  In  Fig.  82,  6.796  is  the  ki^ 
of  the  perpendicular  drawn  through  ihe  point  100,  if  we  take  thr 
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Fia.  8i.  length  of  the  pcrpcndkiilar  firom  the 

point  o  as  the  unity.  The  former  repre- 
sents the  specific  giavity  of  a))solute 
alcoliolf  and  the  lattex  that  of  water.  If 
we  OQDiiect  the  upper  pointB  of  these  two 
extreme  perpendicoian  by  a  straight  hue, 
and  dnTw  tluoogh  the  points  00,  80,  70, 
&c.,  perpendiculars  going  to  this  straight 
line,  the  length  of  these  perpendiculars 
would  represent  the  specific  gravity  of  a 
mixfeme  90,  80,  70,  &c.,  partsof  spirits 
of  wine  wiUi  10,  20,  80,  &c.,  parts  of 
sratar,  if  no  oontraction  occurred.  Bat  a  length  is  marked  upon 
I  vary  perpendicular  corresponding  to  the  true  density  of  the  mixture, 
rhe  cune  connectmg  those  points  in  the  different  perpendiculars, 
represents  the  law  according  to  which  the  density  of  a  mixture 
of  waler  and  spiiita  of  wine  changes  if  the  alooholie  eootents 
mtnme  ham  0  to  100  p.  c. 

The  number  standing  over  each  perpendicular  gives  the  accurate 
numerical  \  alue  of  the  specific  gravity  of  the  corresponding  mixture. 
If  by  the  numbers  100,  90,  80,  20,  10,  0,  we  designate  those 
points  on  an  areometer-tube  that  correspond  with  the  specific 
grwritiea  0.7d8, 0.838^  0^7, 0.976, 0.985,  and  1 ;  and  i^  farther, 
we  difide  the  space  intervening  between  every  two  pomts  into  ten 
equal  parts,  which  may  be  done  without  any  great  inaccuracy,  we 
obtain  a  per-centage  areometer  for  sj)irit.s  of  wine  ;  that  is  to  say,  an 
instrument  by  which  we  can  directly  read  off  how  many  parts  by 
vohune  of  alcohol  are  ccmtained  in  a  mixture  of  water  and  spirits  of 
vrine.  Snoh  diOoAstoisIm  have  been  made  in  Frsi^ 
ealeohtions  of  Gsy  Losssc,  and  in  Germany  according  to  those  of 
Tralles,  and  have  been  officially  adopted,  ui  order  that  by  their  aid 
the  alcoholic  contents  of  brandy,  spirits  of  wine,  &c.,  subject  to  excise 
duties^  might  be  deteraiined.    Fig.  83  shows  the  main  divisiaQS  of 
anch  sn  aksohdameter  in  theur  troe  ]noportiioiis*  We  see,  as  we 
mi^  suppose,  that  the  divisiooB  are  of  nneqnal  magnitude. 

The  vcdometer  may  easHy  replace  the  slooholometer,  if  we  only 
have  at  hand  a  table  in  which  the  quantity  of  alcohol  corresponding 
with  the  different  degrees  of  the  volumeter  is  given. 

As  may  easily  be  supposed,  the  alcoholometer  is  not  applicable 
to  sny  other  ftoid  hut  the  one  for  which  it  is  designed.  In  a 
simibr  manner  areometers  have  been  oonstrocted  for  giving 
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accurately  the  proportions  of  an  acid,  a  saline  solution,  &c.  As 
no.  83.  however,  such   instruments  are  solely  applicable  to  the 
X       single  fluida  for  which  they  are  constructed,  it  is  better  to 
make  nae  of  the  volumeter,  and  to  aeek  in  the  tables 
conatraetod  for  the  pcurpoa^  the  proportiona  oorreqKmduig 
^ .  90   ^      degroca  obaorvud  on  the  volumeter. 

It  now  only  remains  for  us  to  mention  the  older  arco- 
^    metric  graduations,  which,  however,  are  no  longer  of  use 
for  scientific  purposes. 

Beaum^  fixed  on  a  second  point,  in  addition  to  the 
' '       wateimarky  by  plunging  the  inatrument  into  a  eolation 
eonaiBting  of  one  part  of  common  salt  and  nine  parte  of 
' '       water.   The  space  intervening  between  these  two  points 
•  •  60    he  divided  into  ten  equal  parts,  which  he  called  degrees, 
the  di\ision  being  continued  beyond  the  two  fixed  points. 
30    The  water  point  is  marked  with  0  for  liquids  heavier  than 
20    water  when  the  degrees  are  counted  downwards,  while  for 
0   liquids  lighter  than  water,  the  water  point  ia  marked  10^ 
and  the  diagrees  are  counted  upward.   It  is  easy  to  aee 
that  by  sueh  an  instmmeDt  neither  the  specifio  wei^t  nor  the 
proportions  of  a  tiiiid  mixture  can  be  ascertained. 

Car  tier  made  an  unimportant  change  in  Beaume's  scale  by 
increasing  the  size  of  the  degrees,  fifteen  of  lus  degrees  being  equal 
to  Boteen  of  Beanme's  instrument.  However,  little  benefit  may 
have  been  derived  from  this  alteration,  it  haa  had  the  effect  oi 
handing  down  his  name  to  posterity,  sinc^  in  spite  of  ite  little 
value,  CarHer^s  scale  is  very  generally  known. 

In  Germany,  Meiszner  has  done  much  service  to  areometry,  and 
his  Treatise  published  in  1816  at  Vienna,  "  On  the  Application  of 
Areometry  to  Chemistry  and  Technology,''  is  perhaps  the  moat 
valuable  work  that  we  have  on  the  subject.  Meiszner's  areometers 
consist  of  simple  cylindrical  gUm  tubea  from  six  to  ei^t  miUimetrea 
in  diameter,  without  enlargement  at  the  lower  end,  which  is  fiUed  with 
shot  imbedded  in  fused  sesling  wax;  the  scale  is  at  the  upper  end. 

The  following  table  gives  a  view  of  the  specific  gravities  of  certain 
bodies,  the  knowledge  of  which  may  frequently  prove  necessary,  or 
at  least  interesting. 
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TABLS  OF  TfiX  SFKCIFIC  WKIQBTS  OF  SOMK  SOLU>  BODUS. 


atiuuui — coined  .  .22.100 
„  loUed  ....  22.069 
„  fttfed  ....  80.867 
f,  diswn  into  wix6.  19.267 
old-HJwncd  .  .  .  19.325 
„    fused  ....  19.253 

idiom  18.600 

....  17.600 
....  11.852 
illadium     ....  11.300 

Iver  10.474 

■mvlli  9.822 

upper— DuiUeable  .  .  8.878 
fend  ....  7.788 
drawn  iuto  wire.  8.780 
admium  •  •  •  .  8.694 
yybdeanm     .   .   .  8.611 

hm  ad96 

nerae  8.808 

ickel  8.279 

ranium  .    •    •    •    .  8.1 

teel  7.816 

ioUlt  7.812 

ton  wroimiit  ...  7.788 
„    cast    ...    .  7.207 

iu  7.291 

Jitimony     ....  6.712 
eUuriimi     ....  6.115. 
Suonuiiiii    ....  5.900 
odme  4.948 

leavy  Spar   ....  4.426 

H^lenium      ....  4.320 

^iunond   3.520 

KnfcglaM— Frcaeh    .  8.200 

„  Eng^  .  8.878 
„         Fwaeuhofer.  3.779 

lotile  Glass  ....  2.600 

'late  Glass    ....  2.370 

Comioaliiie  (Gieen)  •   .  8.155 

....  2.887 
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Emerald   2.775 

Rock  Crystal.     .    .    .  2.683 
ParceUin— Dresden.    .  2.493 
Sevres  .   .  2.146 
China   .   .  2.884 
Sulphate  of  Lime  (Cry- 
stal)   2.311 

Sulphur  (Natural)  .   .  2.033 

Ivory   1.917 

Alabaster   1.874 

Anthracite     ....  1.800 

Phosphorus   .    .    .    •  1.770 

Amber   1.078 

Wax  (White).   .    .   .  0.969 

Sodium   0.972 

Potassium     ....  0.865 

Ebony   1.226 

Oak  (Old)   1.170 

Box   1.880 

Maple— Oreen   .   •   .  0.904 

„     Dry  ....  0.659 

Beach— Green    .    .    .  0.982 

Dry  ...    .  0.51K) 

....  0.890 

Dry  ...    .  0.556 

Alder— Green     .    .    .  0.857 

„      Dry  ...    .  0.500 

Aah--Green  ....  0.904 

Dry  ...   .  0.644 

Hornbeam   Qroen  .  0.945 

„     Dry  ...    .  0.789 

Linden — Green  .    .    .  0.817 

„     Dry  ...    .  0.439 

Mahogany    ....  l.OGO 

Nutwood   0.677 

Cypress   0.598 

Cedar   0.561 

Poplar   0.383 

Cork   0.240 


99 


99 
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TABLE  OV  DENSITY  OF  LIQUIDS. 


DENSITY  OF  SOME  LIQUIDS  AT  32"  F.^  UNLESS  OTHERWISE 

SPECIFIED. 


Distilled  Water  . 

.    .  1.000 

Bromine    .    .    .  . 

9  QHA 

.    .  13.598 

Sulphuric  Acid  .  * 

DILUTE 

SULPHURIC 

ACID^  ACCORDING 

TO  DKLEZEUNE, 

AT  59'^  F. 

10  per 

cent  acid  . 

.     .  1.066 

60 

per  cent  acid  . 

.    .  1.486 

20 

w 

.    .  1.138 

70 

99  • 

.    .  1.595 

SO 

99  • 

.    .  1.215 

80 

99  • 

.    .  1.709 

40 

99 

.    .  1.297 

90 

99  • 

.    .  1.805 

50 

99  • 

.    .  1.387 

100 

99 

.    .  1.840 

DILUTE  NITRIC  ACID. 

10  per  eent  acid  . 

.    .  1.054 

Wines — Claret 

20 

99 

.    .  1.111 

99 

Champagne 

30 

99  • 

.    .  1.171 

99 

Malaga  . 

40 

99  • 

.    .  1.234 

99 

Moselle  . 

n  Q 1 
.    .  u.yio 

50 

99 

.    .  1.295 

» 

Bhenish  . 

eo 

99  • 

.    .  1.848 

Oils— Citron  .  . 

70 

99 

.   .  1.898 

f> 

«0 

99  • 

.    .  1.488 

f> 

Poppy    .  . 

.    .  0.929 

90 

99 

.    .  1.473 

»9 

Olive 

.    .  0.915 

100 

99  • 

.    .  1.500 

}f 

Tuq)cntine  . 

.    .  0.872 

Milk 

•      •      ■  ■ 

.    .  1.030 

Alcohol;  absolute. 

.    .  0.793 

Sea  Water  .    .  . 

.    .  1.026 

Sulphuric  Ether  . 

.    .  0.715 

Sulphuret  of  Carbon 

.    .  1.272 
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CHAPTER  IV. 

iOL£CULA&  ACTIONS  BETWEEN  SOLID  AND  LIQUID   BODIBS,  AND 
BBTWBBN  THB  SBFABATB  VABTICLB8  OF  LIQUIDS. 

Aiknion  between  eoUd  tmd  Uqmd  bo^. — The  plienomena  of 

dhesion  occm-rintj:  between  solid  and  liquid  bodies  arc  similar  to 
hose  between  solid  bodies;  that  is  to  say,  liquids  adhere  more  or 
ess  strongly  to  the  surfaces  of  solid  bodies.  If,  for  instance^  we 
(riakk  a  feir  drops  of  water  -on  a  mtioal  glass  ]^te,  they  will 
isrtly  remaiii  hanging  to  it^  instead  of  dropping  down,  as  would 
it  the  case  if  the  trravity  of  the  drojis  m  en;  not  counteracted  by 
fflotber  force,  namely,  the  attraction  which  exists  between  the 
tartides  of  the  liquids  and  the  surface  of  the  glass. 

lUs  adheakm  is  also  the  cause  of  liqmda  so  easily  miming  down 
he  outer  waDa  of  the  msds  when  we  woold  poor  them  oat ;  and 
0  s?oid  this,  we  either  mb  the  outer  rim  of  the  vessels  with  fat,  or 
et  the  liquid  pa.s8  along  a  moistened  glass  rod. 

CapiUary  Tubes. — It  has  been  already  mentioned  that  the  upper 
4tt&eeof  a  liquid  coniaiiwd  in  any  vessel  is  honamtal.  This^ 
iowe?er,  is  only  tme  whefe  the  mdecolar  action  cawrdses  no 
Bstmbing  influence  upon  the  walls  of  the  vessel.  In  the  vicinity 
il  the  walls,  deviations  from  the  normal  surface  always  occur. 

If  one  end  of  a  glass  tube  be  plunged  into  a  liquid^  the  level  of 
he  liquid  in  the  tube  will  never  be  at  the  same  hei^t  with  the 
ipper  soflace  of  the  liqoid  ootaide.  For  instancei  when  plunged 
Dto  water,  the  colomn  of  the  liquid  rises  in  the  tube  (Fig.  84) ;  but 
f  we  plunge  the  tube  into  mercury,  the  top  of  the  column  of 
fw.  S4.     no.  85.  mercury  in  the  tube  will  be  lower  (Fig.  85). 

These  phenomoia  of  elevation  and  depression  are 
known  as  eapiOary  phenomena,  and  the  force  pro- 
ducing  them  as  eapUlary  aUraetwn,  or  simply 
capillnritif.  This  force  not  only  acts  in  the  ele- 
vation or  depression  oi  hquids  in  tubes^  but  is  at 

o 
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CAPILLARY  TUBES. 


work  wherever  liquids  are  in  connection  with  solid  bodies,  or 
among  themselves,  or  where  solid  bodies  are  in  juxtaposition, 
or  in  general  where  the  smallest  particles  of  ponderable  matter  are 
in  contact. 

It  is  easy  to  persuade  oneself  by  experiment  that  the  difference 

of  height  between  the  surface  of  liquids  in  tubes,  and  that  of  the 
external  fluid,  increases  in  ])roportion  to  the  narrowness  of  the 
bore  of  the  tube.  If  we  plunge  into  water  two  tubes,  of  which 
one  has  twice  as  large  a  diameter  as  the  other,  the  water  will  rise 
twice  as  high  in  the  narrower  tube;  if  we  plunge  than  into 
mereuiy,  the  liquid  will  be  depressed  twice  as  low  in  the  narrower 
tube. 

The  difference  of  the  level  of  liquids  within  and  without 
the  tubes  is  inversely  as  the  diameter  of  the  tubes.  The  height 
of  the  raised  columns  depends  in  the  above-given  manner 
upon  the  diameters  of  the  tubes,  but,  if  the  walls  of  the  tubes 
have  been  wetted,  their  thickness  and  snbstanoe  are  of  no  impor- 
tance ;  on  the  other  hand^  the  heif^t  dependa  especially  upon  the 
nature  of  the  liquid.  The  following  is  the  elevation  in  a  tube  of  one 
millimetre  in  diameter  for  three  different  liquids : — 


Water   29.79  millimetres. 

Alcohol  (sp.  gr.  0,8135)  .  .  9.15  „ 
Oil  of  turpentine       •      .      ..  12.72  „ 

We  must  not  omit  to  mention  that  when  a  liquid  rises  in  a  narrow 
tube,  the  surface  of  the  liquid  column  is  always  concave  (Fig.  86), 
forming  a  hollow  hemisphere  having  the  diameter  of  the  tube.  If, 
on  the  contrary,  there  be  a  depression,  the  top  of  the  liquid  will 
no.  S6.      no.  87.    usume  a  convex  form  (Fig.  87).  These 

forma  are  essentially  dependent  upon  the 
elevation  or  depression,  for  if  we  pass  any 
fatty  substance  over  the  minor  walls  of 
the  tube,  and  then  place  it  into  water, 
we  obtain  a  convex  meniscus,  exactly  as  if  we  had  immersed  an 
ordinary  glass  tube  in  mercury.  It  follows,  therefore,  that  the 
differencea  of  the  levd  depend  upon  the  form  of  the  meniscoa,  and, 
consequently,  that  all  accidental  causes  which  hinder  the  meniacus 
from  assuming  its  regular  form,  also  modify  the  height  of  the 
columns.  If,  for  instance,  a  tube  be  not  perfectly  smooth  and 
^  clean  internally,  indentations  will  appear  at  the  border  of  the 
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mamM,  and  we  theD  tA/tmn,  on  frequently  repeatbg  tlie  operi- 

icnt,  very  various  results. 

The  power  of  blotting-paper  in  taking  up  liquids^  tlie  action  of 
le  wicks  of  candles  and  lamps^  the  efflorescence  of  laiarated 
iliitioii%  te.^  aU  depend  wpoiL  the  Mim  Ihe 
sanb  ct  pknls  eonveying  the  sap  upwards  from  the  roots  are 
iinarkably  minute,  and  act  on  this  principle. 

Connection  between  the  particles  of  a  Liquid. — Although  liquids 
a\  c  no  independent  form,  and  although  their  separate  particles 
dmit  £i  being  most  easily  di^aeedj  the  eonneetkm  eiisting 
•tween  them  does  not  eesse,  as  we  see  exemplified  in  the  esse  dt 
ic  formation  of  drops.  If  we  pour  water  upon  a  surface  strewed 
ilh  lycopodium  seed,  or  inercur}',  into  a  porcelain  vessel,  drops 
Imofit  flpherical  will  be  formed.  If  no  connection  p-yi«ti»H  between 
ae  separate  partides  of  the  water  and  the  mercnrj,  they  would  fail 
laadflr  Uka  dost;  m  dowly  pouring  liquids  from  any  vessel,  they 
ffl  not  fell  in  separate  drops ;  such  a  drop  only  falling  if  its 
Tight  be  sufficiently  great  U>  eifect  at  once  a  separation  from  the 
emaining  mass  of  the  liquid. 

The  cohesion  eiisting  between  the  separate  particles  of  a  liquid 
an  be  diieetly  measnied.  If  a  solid  disc  be  pkeed  upon  tlie 
arfmof  aliquid^  it  can  no  longer  be  lifted  up  in  anhoriiontal 

K)sition  with  the  same  force  as  when  hanging  freely  in  the  air ;  a 
greater  or  smaller  additional  force  being  necessary  to  draw  it  up. 

We  make  use  of  the  balance  in  order  to  measore  this  force.  On 
iheonesidewehanganhorisontaldisey  andontheother  weky  a 
tabndng  weight  to  establish  eqniUbrinm.  If  the  whole  be  eqni- 
wised,  we  approximate  the  surface  of  a  liquid  to  the  under  part  of 
he  disc  until  they  meet,  and  then,  without  shaking  the  balance, 
ve  add  weights  to  the  opposite  side,  remarking  the  quantity 
Mcessary  to  sqpaxite  the        from  the  dise. 

In  order  to  remofo  a  dise  of  118"*  diameter,  difhrent 
weights  arc  rcquncd  for  different  liquids.  As  for  instsnee *• 


Water  59  grammea. 

Aleohc^  81 

Oil  of  tnrpeotine  •  84 

A  disc  of  equal  diameter,  and  constructed  either  of  copper  or  any 
ether  substance,  wetted  by  a  liquid,  yields  precisely  the  same 
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results.  Adhesion  is,  therefore,  hke  capillarity,  independent  of  the 
nature  of  the  solid  bodies,  and  depcncU  only  upon  the  nature  of  the 
liquids*  It  is  easy  to  see  the  reason  of  thisj  for  on  drawing  it  up  there 
always  remains  a  layer  of  the  liquid  oh  the  disc ;  the  liquid,  there- 
fore, has  not  been  separated  from  the'dise  by  the  preponderance  of 
weight  on  the  other  side,  but  the  molecules  of  the  liquid  have  been 
severed  from  each  other,  aud  the  cohesion  of  the  liquid  has  been 
overcome.  The  experiments  adduced  yield,  therefore,  a  measure 
for  the  cohesion  of  liquids,  and  for  the  attraction  existing  between 
theur  partidcs,  and  we  thus  see  how  considerable  is  this  attraction, 
and  ihat  it  changes  with  the  nature  of  the  liquids. 

If  the  u])})er  surface  of  the  disc  he  not  moistened  with  the  liquid, 
as  for  instance,  is  the  case  when  we  j)lace  a  ^lass  disc  on  mercury, 
the  extra  weight  cfieeting  the  separation  no  lunger  expresses  the 
cohesion  of  the  liquid. 

It  is  necessary  to  use  a  force  of  about  200  grammes  to  raise  a 
glass  disc  of  the  above  dimensions.  It  follows,  therefore,  that, 
even  when  a  solid  body  is  not  moistened  by  a  liquid,  a  greater  or 
smaller  attraction  will  still  exist  between  the  molecules  of  the  liquid 
and  those  of  the  solid  body,  only  in  this  case  the  cohesion  of  the 
liquid  is  greater  thau  the  adhesion  between  the  Uquid  and  the  sohd 
body. 

The  phenomena  here  treated  of  may  be  considered,  in  a  theore- 
tical point  of  view,  in  the  following  manner: — ^Mercury  forms 
spherical  drops  upon  paper,  and  water  upon  an  unctuous  or 

sprinkled  surface. 

This  phenomenon  is  usually  explauied  by  the  universal  attraction 
of  all  molecules  to  one  another,  on  the  same  principle  that  we 
explain  the  spherical  formation  of  the  heavenly  bodies.  But  this 
explanation  is  not  admissible,  since  molecular  attraction  acta  very 
differently  from  universal  gravity ;  and  sinoe^  from  its  acthog  on^ 
at  imperceptible  distances  upon  contiguous  molecules,  it  cannot  be 
so  condensed  as  to  form  a  central  ])oint  of  attraction  similar  to  the 
central  point  of  gravitation  of  the  j)lancts.  The  followiug  seems  to 
be  a  more  correct  mode  of  elucidating  the  subject ; — 

The  molecules  of  a  liquid  must  remain  at  such  a  distance  that 
attraction  and  repulsion  shall  neutralize  each  other.  This  is  only 
possible  when  the  molecules  are  so  placed  in  regular  layers  that 
each  molecule  is  surrounded  by  twelve  others,  something  in  the 
uianuer  that  cannon  balls  of  equal  size  ai*e  wont  to  be  ranged. 
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his  arranoreiTient  remains  also  viiidisturbcd  where  the  hquid  termi- 
dtes  in  a  level  surface.  Every  luoleculc  is  subject  to  perfectly 
|ua1  actions  from  all  sides,  and  all  the  molecules  are  perfectly 
piidwtant  one  finom  the  other.  Such  an  ammgement  may  be 
nned  the  normal  arrangement  <^  the  moleenlea.  If  a  part  of  the 
lilting  surface  be  curved,  the  reciprocal  apposition  of  the  mole- 
iles  can  no  longer  remain  the  same ;  and  sucli  a  deposition  may 
termed  abnormal. 

As  aeon  as  the  normal  position  of  the  moleeoles  is  distorbed  by 
ly  esctemal  farce,  the  hitherto  perfect  eqnilibrinm  of  the  whole 

ill  be  disturbed,  a  tension  will  arise,  striving  to  restore  the 
ifiturbed  parallelism  of  the  layers,  and  bring  back  the  particles  of 
ae  liquid  to  their  normal  position  as  soon  as  the  disturbing  cause 
eases  to  set.  If  we  plmge  a  rod  moistened  by  a  liquid  into  the 
jane,  we  may,  by  slowly  drawing  it  out^  form  sn  devatkm  whieh 
rill  immediately  be  restored  to  a  plane  surboe  on  entirely  removing 
he  rod. 

This  certainly  can  mdy  be  the  consequence  of  gravity;  but 
be  same  thing  oeeurs  in  the  reversed  position  of  the  plane.  If 
re  fill  with  water  a  tobe  not  exceeding  three  lines  in  diameter, 
nd  having  one  end  open,  we  may  revoihe  it  without  the  water 

scaping.  It  forms  a  hanging  plane,  from  which,  as  in  the 
brmer  instance,  then  arise  elevations,  which,  after  separation, 
n  opposition  to  the  action  of  gravity  return  to  the  phme 
nrfiiee. 

A  hqnid  strives,  therefore,  to  terminate  in  a  plane  snrftce ;  but  a 

iiass  free  on  all  sides  cannot  be  surrounded  by  one  single  plane, 
it  it  were  bounded  by  plane  surfaces,  the  edges  would  be  soon 
iattencd  by  the  tension  of  the  molecules ;  but,  if  the  mass  were 
lK>mided  by  a  curved  surface,  whose  cmrves  were  not  equal  on  all 
ndes,  a  stronger  tension  would  naturally  also  occur  at  the  more 
itrongly  curved  parts  of  the  surfaces,  tending  to  the  perfect 
sphericity  of  the  whole.  The  roundness  of  the  air-bubble 
ikpends  upon  the  same  principle.  The  superficial  molecules  of 
^  perfectly  free  liquid  compose,  therefore,  a  network,  forcibly 
Domprasing  the  minor  part.  If  we  make  a  soap-bubble,  it 
win  retain  its  size  as  long  as  we  keep  the  opening  of  the  tube 
loosed,  hut,  as  soon  as  this  ceases  to  be  done,  the  bubble  will 
dimiui^  more  and  more.  If  the  air  in  the  bubble  were  not 
cumpressed  by  the  endosmg  liquid,  and  if  it  were  not  denser 
than  the  surrounding  atmospl^,  it  would  remsin  in  the 
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bubble,  and  not  be  forced  into  tbe  tube  agamst  the  atnuMpbene 
preasiire  of  the  air. 

If  mercury  u  ptit  into  a  glaaa,  it  will  stand  off  firom  the  aides  of 
the  vessel^  although,  perhaps,  not  perceptibly ;  if,  however,  we 
add  water  or  olive  oil,  either  will  fill  the  interval.  In  badly 
j)repared  barometers,  air  will  also  force  itself  through  this  inten  al 
into  tbe  Torricellian  vacuum.  The  mercury  forma  a  large  drop 
lying  free  in  the  glass,  and  its  form  depends  upon  the  walls  of  the 
▼easel.  It  terminates  snpenorly  in  an  horiaontal  sor&oe,  whieh, 
however,  cannot  reach  to  the  sidea  of  the  vessel,  owing  to  the 
aharp  edge  of  the  drop  having  been  rmmded  off,  as  we  have  before 
said. 

If  a  drop  of  mercury  be  poured  into  a  perfectly  cylindrical  glass 
tube  placed  horizontally,  tbe  drop  will  form  a  cylinder  rounded  at 
either  tod.   No  motion  can,  however,  arise,  as  the  oonyeadty  is 
equal  at  both  ends. 
But,  if  the  tube  be  conical  (Fig.  88),  the  mercury  will  be  more 
no*  9S.  curved  at  the  narrower  end ;  tbe  tension 

of  the  abnormally  placed  molecules  is, 
therefore,  greater  here  than  on  the 
other  side,  and  the  consequence  of  this  preponderating  tension  is, 
that  the  mercury  moves  to  the  wider  end. 

If  we  entirely  fill  a  narrow  tube  with  mercury,  and  place  it 
horisontally,  letting  tbe  one  end  communicate  with  a  drop  of  mer- 
cury at  the  extremity  of  the  tube,  the  latter  \W11  increase  until  the 
mercury  at  length  entirely  leaves  the  tube,  and  is  collected  in  one 
large  drop.  Tbe  reason  of  this  is  ciisily  understood.  By  the 
strong  curvature  of  the  conve^dty  at  the  end  of  the  cylinder  of 
mercury,  there  arises  on  this  sde  a  far  stronger  inressure  on  the 
mass  than  on  the  side  of  the  d»op. 

If  a  glass  tube  be  plunged  vertically  into  mercury,  the  liquid  will 
be  deeper  within  than  without  the  tube,  as  the  strong  convexity 
of  the  cylinder  of  mercury  acts  depressingly  in  the  tube.  It  is 
also  clear  that  the  narrower  the  tube,  the  greater  will  be  the 
depression. 

If  a  liquid  adhere  to  the  walls  of  the  vessel  and  weta  them,  it  can 
no  longer,  as  in  the  former  instance,  be  regarded  as  a  large  drop ; 

the  upper  surface  cannot,  therefore,  as  there,  assume  a  convex 
form.  The  molecules  of  the  walls  of  the  vessel  in  contact  with 
the  liquid  act  iipon  the  hitter  as  the  molecules  of  the  liquid  upon 
one  another.   The  solid  walls  of  the  vessel  are,  therefore,  only  to 
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be  eomidered  aa  a  rigid  eontinaation  of  the  liquid.  The  air  above 
the  liquid  in  the  vessel  must,  therefore,  be  regarded  as  a  bubble, 
bounded  inferiorly  by  the  liquid,  and  on  all  aides  by  the  walls  of 


€bm  wtmA  came  in  eentact,  which  wofiild  immediately  be  rounded 
oti  by  the  mutual  attraction  of  the  molecules  of  the  wall  and  the 
fluid;  as,  however,  the  molecales  of  the  veaael  are  aolid^  the 
madmot  of  the  liquid  must  neceaMonty  aaaiiine  a  conoanfe  fomij  while 
lih^mclftcak^Qtiibelkp^  Inihe 
bnbbk^  however^  the  tenakm  of  the  abnonnally  placed  moleeiiles 
of  water  exercises  a  pressure  upon  the  enclosed  air ;  and  then  the 
rancave  surface  of  the  liquid  also  exercises  an  upward  pressure 
against  the  air  of  the  bubble.  A  drop  of  water  in  a  horiaontal 
cjlindned  gkae  tnbe  will  hm  n  cylinder  coneaTe  aft  boHi  end% 
and  etatioiiaryy  owing  to  the  eoneaivity  being  equal  at  botih  enda. 
If  the  tul)e  be  conical,  the  one  concavity  must  necessarily  be  more 
strongly  cuncd  than  the  other,  and,  by  the  preponderating  tension 
of  the  stronger  curved  eitremi^^  the  water  will  be  drawn  towards 
Fia.  et.  the  narrower  part  of  the  tube  (Fig.  89). 

In  the  aame  manner  we  may  eaaily 
explain,  by  the  action  of  concave  sur- 
faces, the  rising  of  water  in  a  tube  plunged  vertically  into  that 
liquid. 

If  »  ImUow  i^aaa  qihflfe  awim  on  water,  the 
difltaneeof  moiethinaizlineatoriae  agidniithebaU.   If  now  we 

put  a  second  glass  sphere  into  the  water,  at  about  one  mch  from 
the  former,  the  balls  will  begin  to  approach  each  other,  at  first 
slowly^  then  more  and  more  rapidly,  until  they  finally  strike  one 
nnother  (Figa.  90  and  91).   If  both  balla  had  been  fiied,  the 


no.  90. 


no.  91. 


water  between  the  balls  would  haye  risen,  in  eoQie^ncnce  of  ita 
etrmng  to  come  to  a  level;  but,  aa  tiiey  are  moveable,  the 

adhering  wattr-surfaces  sinking  from  the  action  of  gravity 
must  draw  together  the  balls  between  which  they  were  inter- 
poaed. 
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Elasticity  of  Liquids. — Liquid  bodies  are  also  iu  some  respects 
elastic^  for  they  allow  themselves  by  means  of  a  very  strong 
pressure  to  be  reduced  to  a  volume  somewhat  smaller  than  their 
original  mass,  and  resinne  their  former  volume  on  the  removal  of 
the  pressure.  Oenied  firsts  and  subsequently  Cettadon  end 
Sturm  have  made  experiments  upon  the  compressibility  of  liquids, 
but  we  should  be  drawn  into  too  wide  a  digression  were  we  to 
enter  fully  into  a  description  of  what  they  have  done.  The 
pressure  of  one  atmosphere  (an  eiq^ression  that  we  will  e]q>lain  in 
the  proper  place)  compresses  mercury  to  about  three,  and  water  to 
about  forty-eight  millionth  parts  of  theur  volume. 
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CHAPTER  V. 

OF  THV  SQUIUBUUM  Of  GA8EB,  AND  OF  ATMOtPHBUC 

PRESSURE. 

Air  IB  a  body  that  docs  not  act  immediately  upon  the 
It  solid  and  liquid  bodies^  but  manileito  itself  by  so  many  pheno- 
nena  upon  the  land,  and  over  the  waters  of  the  earth,  tint  it  will 
ye  mmeeeaaary  to  aeek  for  other  proofe  of  ita  enstenee.   There  are 

lainderstornis  in  every  climate,  and  storms  on  every  svii;  the  air, 
herefore,  everywhere  surrounds  the  whole  globe  of  earth,  forming 
it  all  points  a  layer  of  great  thickness ;  for  clouds  driven  by  the 
iriiida  paaa  alike  over  jdaiiia  and  hills.  Above  the  eloiids  we  see 
;he  ^orkms  colour  of  the  sky,  evineing  the  height  of  the  air  as  the 
X)lour  of  the  ocean  does  the  depth  of  its  waters.  If  there  were  no 
lir,  the  sky  would  be  without  colour  and  brightness,  apjxaring: 
!>ut  as  a  perfectly  black  vault,  in  which  the  stars  would  appear 
irilh  the  same  splendour  by  day  as  by  night  This  vast  mass  of 
or  qnead  over  the  earth,  and  stretching  high  over  the  Bonmiits  of 
the  loftiest  mountains,  bears  the  name  of  the  atmosphere.  The 
iiL:lK'>st  peak  of  the  Himalaya  scarcely  stretches  tive  miles  above 
iie  level  of  the  ses;,  while  the  air  rises  to  a  height  at  least  six  or 
Mfven  tiinea  loltier. 

Hie  chemical  diaoovenes  c£  the  past  centory  have  taught  ns  to 
know  many  bodies  possessing  the  same  physiod  properties  as  the 
iir,  although  vcr^'  different  in  their  nature.  They  were  termed 
'irs,  iiod  were  spoken  of  as  mephiiic,  cambuitible,  and  Jixed  airs. 
Ln  the  present  day,  they  are  called  yoief,  ffoaoui  bodin,  or  ekuiie 
(fMdi. 

Oases  are,  like  liquid  bodies,  sabject  to  two  differait  ferces, 

gpravity  and  molecular  forces. 

At  a  very  remote  period,  even  before  the  time  of  Aristotle,  it 
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was  conjectured  that  air  had  weight.  This  truth  was^  however, 
first  proved  by  Galileo,  in  1640,  and  oonfinned  somewhat  later  by 
the  beantifol  experiments  of  TorricellL  Thebeavinesaof  theairmiqr 
be  directly  proived  by  the  following  eiperiment: — We  tske  a 

balloon  provided  with  a  cock,  and  from  which  the  air  has  been 
removed  by  means  of  an  air-pump ;  hang  it  on  one  arm  of  a 
balance,  and  lay  sufficient  weight  on  the  opposite  side  to  establish 
equilibrium.  If  now  we  turn  the  cock,  the  balloon  wiU  again  be 
fiUed  with  air,  the  equilibrium  disturbed,  and  the  balance  indined 
to  the  side  of  the  balloon*  We  must  now  again  ky  on  sufficient 
weight  to  equipoise  the  whole,  and  this  wiU  be  precisely  as  mxuAk 
as  the  air  in  the  balloon  weighs.  For  a  balloon  of  one  litre,  the 
difference  of  weight  amounts  to  more  than  one  gramme,  from 
whence  it  follows,  at  a  rough  estimation,  that  under  ordinary 
circumstances  one  litre  of  air  weighs  more  than  one  gramme;  that 
is,  that  water  ism^  quite  1,000  times  so  heavy  as  common  air. 

Instead  of  a  balloon  with  a  cock,  we  may  use  the  following  cheap 
anangement,  which  has,  tother,  the  advantage  of  weighing  mudi 
less  under  an  equal  volume  than  the  former.  We  must  take  a 
balloon  of  not  very  thick  glass,  and  not  a  very  narrow  neck 
(Fig.  9^),  The  neck  must  be  carefully  closed  with  a  tightly- 
fitting  cork,  perforated  throngli  the  middle  with  an  opening  about 
two  millimetres  in  diameter.  The  cock  must  now  be  tied  down 
with  oil  silk,  as  seen  in  Fig.  92,  and  on  a  larger  scale  in  Fig.  98. 
In  this  manner  the  inner  peart  of  the  balloon  is  completely  secured 
from  the  access  of  external  air.  Near  the  part  covering  the 
Fio.  92.  opening  of  the  cork,  we  make  two 


cuts  into  the  oil  silk,  as  seen  in 
Fig.  98,  and  then  the  balkxm  ia 
to  a  certain  extent  closed  with  a 
yalve  through  which  air  may 

escape  from  the  balloon,  but  can- 
not enter  into  it.  In  making  this 
experiment  we  first  weigh  the 
balloon  while  full  of  air ;  we  then 


bring  it  under  the  leceiyer  of  the 
air-pump,  when,  on  exhausting  it,  the  air  in  the  halkKm  wiQ  also 
be  removed ;  when  thus  emptied  it  must  be  reweighed,  when  we 

shall  find  that  it  has  become  lighter. 

Molecular  forces  act  very  dificreutly  in  gases  from  what  they 
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do  in  solid  and  liquid  bodies.  We  have  tH,'eii  that  these  forces 
hold  firmly  together  the  molecules  <rf  solid  bodies,  so  that  they 
cannot  change  their  respective  poaitaons.  They  alto  hold  togeUiflr 
the  molecttles  of  hquid  bodioB,  but  only  m  saeh  a  ^mh^mh*  as  to 
wdtatd  tbem  move  fkeedom  in  du^lacmg  each  otiier  in  all  directions. 
In  gases,  however,  molecular  forces  act  repulsively,  the  molecules 
of  gaseous  bodies  having  a  tendency  to  move  reciprocally  away 
£rom  each  other,  and  that  to  so  great  an  extent  that  nothiiig  but 
nliMPiial  inpediDMOla  ean  hinder  their  fbrther  ezpamion*  The 
eir  eoirtMned  in  a  ynmAfitmm,  Hkentan,  eontiniially  against  ita 
sides. 

This  tendency  in  air  to  cx})and  will  be  easily  shown  by  the 
i'ollowing  experiment ;— We  lay  under  the  receiver  of  the  air-pump 
an  aninial  bkddflr  eoBtainbg  hot  littk  air,  and^ 
liBfing  its  opening  tightly  seenred.  After  a  few  stiokea  of  the 
piatoo,  the  bladder  becomes  inflated,  and  at  last  is  tensely  stretched, 
as  if  air  had  been  violently  injected.  If  we  suffer  the  air  to  return 
to  the  receiver,  tlic  bladder  will  again  shrivel  up.  The  air  enclosed 
in  the  bladder  has,  therefore,  realty  a  tendency  to  expand,  but 
meets  nith  opposition  fnm  the  siiRoanding  air.  Instead  of  a 
Madder  we  mi^t  hafe  pheed  a  thin,  firmly-eorked  g^ass  nndcr 
the  receiver,  when  the  stopper  would  either  have  been  forced  out, 
or  the  glass  would  have  been  burst,  provided  the  cork  were  not 
too  firmly  placed,  at  the  glass  too  strong.  This  pressure  exercised 
by  the  air  npen  tfie  sidea  oC  the  endosing  vessel  is  what  we  tenn 
ito  dmOcittj,  power  of  Ummony  or  force  of  expmmom. 

A  itathcr  only  manifest^^  cla.Nt icity  if  we  compress  it;  it  loses 
its  tension  as  soon  as  it  returns  to  its  original  condition.  But 
air  has  always  an  expansive  force ;  it  cannot  be  said  to  have  any 
ordinal  ▼olnm^  for  it  eimsp  strifes  to  oeenpy  a  ledger  qpaee*  If 
wa  weie  to  admit  one  fatre  of  conunon  air  into  a  aseMsn  of  several 
cubic  metres,  it  would  distribute  itself  equally  throughout  the 
whole  isjmcc,  and  would  always  manifest  a  tendency  to  ex- 
pand, exercising,  consequently,  a  pressure  upon  the  encloaing 
waUa. 

Tbe  eonstmtkm  of  the  air-pump,  an  inatnnnent  to  fdueh  we 
have  already  repeateffly  alhided,  and  whidi  we  purpose  now 

dcscnljing  more  fully,  depends  upon  the  tendency  manifested  by 
the  air  of  occupying  as  large  a  space  as  possible.  If  the  air  had 
no  power  of  tensioni  no  efantiei^9  in  the  sense  we  have  ascrihed 
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to  tbe  words,  it  eooM  not  distrilrate  itmM  out  of  the  neeiiaif 

the  air-j»um]) ;  without  its  tendency  to  c'\j)aiul,  the  air  could  is": 
escape  from  the  balloon^  even  if  we  removed  the  weight  oi  m 
pressing        without  upon  the  valve. 

It  fcXkfWB,  from  the  eqpaiiflnre  foioe  of  gaaea,  that  Acj  coMt 
be  bounded  by  a  free  even  aiirfiMe,  as  it  the  eaae  with  §nik 
Two  forces,  prravity  and  the  force  of  expansion,  act  u]x>ij  the  air 
of  our  atniosj>hi  re  and  counterjx)ise  each  other.  By  gravity  the 
particles  of  the  air  are  attracted  to  the  earth :  this  force,  therefoR» 
eierciaes  a  tendency  to  condenae  the  air  the  earth's  makeL 
which  ia  counteracted  by  the  foiee  of  eipanaion.  The  atmoophcR 
is,  therefore,  probably  limited,  as  the  expansive  force  diminishes  » 
much  at  a  certain  (k",£rree  of  rarefaction,  that  the  gravity  of  the 
particles  of  air  is  alone  suf&cient  to  hinder  a  further  removii 
from  the  earth. 

Pretmre  ef  ike  Air. — ^If  the  eonmion  eonditionB  of  eqiuHhrini 
be  satisfied,  we  may  prove  by  direct  experiment  that  all  the  under 

layers  of  air  are  pressed  upon  by  the  upper,  and  that  the  amount 
of  this  preii&ure  varies  as  we  ascend  more  and  more  above  the 
level  of  Uie  sea. 

Fio.  94.  Let  ns  place  a  glass  qrlinder,  with  soimewhe 
thick  sides,  upon  the  phito  of  the  ssr-pnmp,  wmL 
cover  the  vessel  with  a  bladder  tierhtiy  stretched, 
and  tu'mly  tied  over  the  top.  The  bladder  sufim 
an  equal  pressure  on  both  sides,  and  form, 
therefoie,  a  level  soifiwe.  If^  now^  hj  oqr 
mesns,  we  force  additional  air  into  the  rrtindrr 
the  bladder  will  be  arched  outwards  ;  but  if,  on  the  contrary,  vre 
remove  any  of  the  air  ft'om  the  cylinder,  the  external  pressun*  oi 
air  will  ])rcponderatCy  and  force  the  bladder  inwards.  The  latter 
may  easily  be  shown  by  means  of  the  air-pump.  After  the  int 
few  strokes  of  the  piston^  the  bladder  will  already  be  curved  dopir»> 
wards,  and  the  more  we  exhaust  the  air  the  more  this  curvatnn 
increases.  If  wc  strike  the  bladder  with  any  sharp  body  when 
is  thus  stretched,  it  will  be  torn  in  a  thousand  pieces,  with  a  noise 
like  the  report  of  a  pistoL  1^  sound  is  produced  by  the  sir 
forcmg  itsdf  in ;  snd  we  may  thus  form  some  idea  of  the  amoni 
of  the  pressure  of  air  resting  upon  the  bladder. 

If  we  had  so  far  altered  the  e\})rrini(  iit  as  to  have  placed  thi' 
bladder  in  an  oblique  position^  or  made  the  pressure  of  air  act 
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ham  bekm,  we  should  have  obtamed  tlie  none  ranlt,  as  the  air 

presses  in  all  directions  in  an  equal  manner. 

This  experiment  appears  very  striking,  when  we  think  that  the 
air  in  a  room  is  able  to  exercise  so  enormous  a  pressure.  This 
effect  cannot  anse  from  the  weight  of  a  oolumn  of  air  resting  npon 
the  bladder,  and  stretchmg  from  thence  to  the  ceiling  of  the 
room,  for  even  a  column  of  water  of  this  hci*;ht  could  not  produce 
such  a  result.  If  the  experiment  were  made  in  the  open  air,  the 
bUdder  would  evidently  have  to  sustain  the  pressure  of  a  column 
of  air  whose  height  is  equal  to  the  height  of  the  whole  atmos- 
phflte.  The  same  pressure  acts  in  a  room,  for  the  air  within  the 
room  is  acted  upon  by  the  whole  pressure  of  the  atmosphere. 

Measttrcmcnt  of  Atmosphoric  Pressure. — As  the  air  surrounds 
the  whole  earth,  it  presses  upon  everything  as  upon  the  bladder, 
upon  the  land  as  upon  the  ocean.  If  we  plunge  one  end  of  a 
tube  into  a  Tesael  filled  with  water,  the  fluid  will  rise  as  hig^ 
wtthin  the  tube  as  without,  for  the  pressure  of  the  sir  in  the  tube 
acts  precisely  the  same  upon  the  level  of  the  lluid  a.s  without  the 
tube.  But  if  we  abstract  a  portion  of  the  air  from  the  tube,  the 
tiuid  will  continue  to  rise  as  long  as  we  remove  the  air.  By  this 
eihanstlop  the  air  within  the  tube  is  while  the  external 

pressure  of  the  air  remains  the  same.   The  preponderance  of  the 

external  pressure  of  air  raises  tlie  tluid  within  ihv  tn\w,  until  the 
weight  of  this  raised  colunni  of  water  equipoises  the  preponderance, 
if  we  entirely  exhaust  the  air  in  the  interior  of  the  tube,  the 
water  must  rise  (pnmded  the  tube  be  high  enou^),  until  the 
wei§^  of  the  raised  column  of  water  is  equal  to  the  weight  of  a 
column  of  air  of  the  same  base  reaching  to  the  limits  of  the 
atinosj)here.  In  this  manner  we  may  ascertain  the  weight  of  a 
column  of  air,  whatever  be  its  height. 

We  have  to  thank  the  mechanicians  of  Florence  firar  the  first 
germ  of  die  discovery  of  this  important  law.  On  trying  to  raise 
water  abofc  thirty-two  feet  in  a  suction  pipe,  they  found  to  their 
icreat  surprise  that  the  tluid  would  not  rise  beyond  that  altitude. 
The  rising  of  a  Huid  was  explained  at  the  time  by  saying  that 
Nahare  abhors  a  vacuum ;  but  this  reason  did  not  satisfy  Galileo, 
lAo^  on  healing  of  the  observations  made  by  the  pump-makers, 
St  once  came  to  the  conviction  that  the  gravity  of  the  air  was  the 

true  esose  of  the  phcnnment)n.  His  ])upil,  Torricelli,  gave  con- 
vincinii:  proofs  of  the  truth  of  this  conjeeturc,  and  arrived  at  nearly 
the  ibiiowmg  results.    In  order  that  two  different  columns  of 
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fluid  should  be  equipoised,  it  is  necessary  that  their  heights  must 
be  inversely  as  their  densities.    Mercury  weighs  nearly  firarteen 
times  as  much  as  water.   U,  mm,  the  atmospherie  air  can  rapport 
a  column  of  water  thirty-two  feet  in  ha^t,  it  most  alao^  aooording 
to  the  above  yiew,  he  ahle  to  snatain  a  cohmm  of  meicnry  4  ^  that 
vs,  of  twenty-eight  inches  in  height.    The  experiment  is  easily 
made.    \\  c  fill  with  mcrcuiy  a  glass  tube  of  about  thirty  inches 
in  length,  and  closed  at  one  end,  and,  holding  the  finger  over  the 
open  end,  invert  it.    If,  then,  we  plunge  the  end  dosed  by  the 
finger  into  a  Teasel  with  mercury,  and  then  remofe  the  finger, 
no.  9ft.   the  mercury  will  immediately  sink  mae  inches,  until 
the  elevation  of  the  mercury  in  the  tabe  is  as  mndi 
beyond  the  level  of  the  mercury  in  the  vessel  as  follows 
from  the  above  considerations.    The  column  of  mercury 
in  the  tube  is  to  be  regarded  as  an  equipoise  to  the 
pressure  of  the  atmosphere.   This  apparatna  oonati- 
tatea  the  barometer.  The  vacuum  abmre  the  column 
of  mercury  is  termed  the  TknrieeUian  vaeumn.  We 
may  express  the  above  results  more  correctly.  The 
verticjil  height  of  the  level  s  in  the  tube  above  the 
level  a  ^  is  called  the  height  of  the  barometer.    It  is 
not  the  same  in  all  places,  or  at  all  times.    In  the 
I    vicinity  of  the  sea  it  avcragea  76  centimetres,  or,  what 
is  nearly  the  same  thing,  28  Paris  inches.*  Such 
a  column  of  mercury,  with  a  base  of  1  square  centimetre, 
has  in  cubic  contents  76  cubic  centimetres.    As,  now,  I  cubic 
centimetre  of  mercury  weighs  13.59  grammes,  the  pressure  of 
the  column  on  its  base  is  76  x  13.59  granmies== 1,033  kilo- 
grammes.  The  column  of  atmospherie  air,  which  at  thele?elof 
the  aea  resta  upon  a  base  of  1  square  centimetre,  presses,  llieie- 
fore,  on  its  surfiuse  with  a  weight  of  1,068  kilogrammes.t  We 
may  carry  this  computation  still  further,  and  determine  the 
weight  of  the  whole  mass  of  air  composing  the  atmosphere. 
For  instance,  whatever  number  of  cubic  centimetres  the  earth's 
surface  contains,  80  many  times  1,033  kilogrammes  does  the  maaa 
of  the  air  weigh. 

Coneirueiion  of  the  Barometer. — Barometers  have  had  variooa 


*  Very  nesily  thirty  English  iatSmu^twu 

t  Thb  k  eqinhraleiit  to  a  pntnnre  of  Sfteen  poundt  on  1  iqnan  indt^TB. 
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fenns  gifCD  to  ihm,  aeeofdiiig  to  the  several  mes  tot 
which  they  m  intended.  Fig.  96  represents  the  ordi- 
nary barometer,  consisting  of  a  tube  which  is  canned  at 
the  bottom^  and  terminates  in  a  wide  vessel,  the  whole 
being  secured  to  a  board.  The  graduated  aeak  ia 
gnmifyiDade  of  metaL  If  theyeaael  be  somewhat 
wide  in  eonipansoD  with  the  bore  of  the  tube,  the 
oscillations  of  the  column  exercise  but  little  influence 
upou  the  level  of  the  mercury  in  the  vessel^  so  that  in 
cases  where  estieme  exactitiide  ia  not  reqpiisife^  this 
lerel  wmj  be  legaided  aa  constant.  In  these  baio- 
metefSy  which  cannot  be  nsed  in  very  nice  obaervations, 
the  scale  is  generally  confined  to  the  upper  part  of  the 
instrument. 

In  travelling,  the  syphm  barometer  of  Gay  Lussac 
ia  ahflbost  exdosivcly  made  use  of,  owing  to  the  seen* 
rate  lesaks  it  yidds,  the  fadHty  of  observing  it, 

and,  above  all,  the  ease  with  which  it  can  he  carried. 
The  open  limb  has  only  a  capillary  aperture  of 
i  site  to  admit  the  air  freely,  and  too  smaU  to  allow  of  the 
eaesping*  We  iokj$  thenfiice,  invert  it,  without  fear  of 


lonig  die  maeofy. 


In  these  barometers,  the  lower  surface  of  the  mer- 
cury' which  is  exposed  to  the  pressure  of  the  atmos- 
pheric air  has  no  fixed  position.  The  xero  point  £rom 
whieh  the  height  of  the  column  of  mercnry  must  be 
measured  rises  and  foils.  For  the  sake  of  safe  and 
convenient  transportation,  the  hmnmeieriA  gene- 

rally fastened  into  a  wooden  case  (Fig.  9/),  forming 
a  staff  or  rod  when  closed. 

Whatever  may  be  the  form  of  the  barometer,  certain 
conditiona  mnst  be  satisfied  if  the  instmment  is  to  give 
the  exaet  amoont  of  atmospheric  pressoie.  The  height 
of  the  column  of  mercury  must  admit  of  bcinp:  accu- 
rately measured,  which  can  only  be  done  ii  the  tube 
be  in  a  perfectly  vertical  position.  The  degrees  of  the 
scale  are  either  marked  upon  a  al^  of  brass  inserted 
in  the  board  to  which  the  tnbe  is  secnie^  or  are 
engraved  upon  the  tul)e  it.self. 

The  space  above  the  column  of  mercury  uuist  be 
perfectly  free  of  air.  The  only  way  of  effecting  this 
object  is  by  boiling  the  mercnry  in  the  tnb^  snd  thus 
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removing  all  partides  of  air,  and  moisture  adhering  to  the  sides 
of  the  glass.  This  proceBS  is  one  requiring  much  practice  and 
skill.  We  may  detect  the  presence  of  a  particle  of  air  in  the 
TmrrieeUim  vaeuum  by  the  space  not  becoming  entire^  filled 
with  mercury  on  inverting  the  tube,  a  little  bubble  of  air  remaining 
in  that  case  at  the  top  of  the  tube.  The  larger  the  voluuic  of 
the  empty  space,  the  less  inipoitance  is  to  be  attached  to  the  defect. 

riually^  the  mercury  must  be  perfectly  pure^  and  the  bore  of 
the  tube  not  too  small.  If  the  tube  be  too  narrow,  the  adhesion 
and  the  friction  of  the  mereory  exercise  so  important  an  effect 
upon  the  sides  o£  the  glass,  that  the  column  of  mercury  often 
remams  standing  higher  or  lower  than  it  ought  according  to  the 
height  of  the  j)ressure  of  the  air.  If  iu  such  cases  we  strike  the 
barometer,  we  may  see  the  column  of  mercury  instantly  rise  or 
fail,  according  to  its  previous  position,  as  the  hindrance  to  the 
motion  has  been  overcome  by  the  blow. 

Of  the  fluctuations  of  the  barometer  dependent  upon  the 
changes  of  the  weather  we  will  speak  further. 

Amount  of  Atmosjjherie  Premare, — ^We  have  already  mentioned 
what  must  be  the  amount  of  ])rc.ssure  of  air  corresponding  to 
760  millimetres  of  the  barometer.  Iu  the  same  manner  the 
amount  of  atmospheric  pressure  may  he  reckoned  at  every  height 
of  the  barometer.   The  results  are  given  in  the  following  table : — 


Height  of  the 
Coiumii  of 
Mcrcuiy. 

Pressure  u{)on 
One  Square 

Height  of  the 
Ck>lii]ii]i  of 
Mercury. 

Pressure  upon 
One  Square 
Metie. 

MiUimekres. 

KiUogmmnes. 

MiUimeiret. 

Kilogrsmmes, 

500 

6793 

650 

8881 

510 

6929 

660 

8967 

520 

7065 

670 

9106 

580 

7201 

680 

9238 

540 

7336 

690 

9374 

550 

7472 

700 

9510 

560 

7606 

710 

9646 

570 

7744 

720 

9782 

580 

7880 

730 

9918 

590 

8016 

740 

10054 

600 

8152 

750 

10189 

610 

8287 

760 

10330 

620. 

8^ 

770 

10461 

630 

8559 

780 

10597 

640 

8695 

790 

10733 
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Tlie  surface  of  tlie  human  body  measures  about  1  square  metre  ; 
see,  tlRrilorc,  from  these  calculations  the  cnoniious  pressure 
'e  constantly  have  to  sustain,  and  yet  we  do  not  feel  it,  owing 
y  its  acting  uniformly  on  all  sidea,  and  becaiue  the  air  within 
or  iMidieapeifectly  eqmpoiaeatheeKlenialpreaaaM.  Ontheaammit 
f  Moont  d'Or,  the  barometric  cohmm  is  only  600  millimetres  ; 
weight  of  2,173  kilogrammes  is,  therefore,  gradually  removed 
;oin  the  traveller  as  he  ascends  higher  and  higher  up  the  mountain, 
nd  still  more  on  reaching  the  summit  of  Mount  Etna  or  LebaBCH. 
'he  diminiBhed  preeaore  of  the  sir  at  hi§^  devatiana  prodncef 
tie  moat  pecnliar  effeeta  npon  the  human  body,  which  is  not  made 
>  endure  so  rarctied  a  state  of  the  atmosphere.  Even  persons  in 
ix)d  health  experience  lassitude,  indisposition,  and  oppression. 

Puapim — A  number  of  phenmnena,  of  which  we  are  daily 
ritneaaei^  admit  of  being  explained  by  4he  preaaore  of  the  air. 
fwe  aodtthenpper  end  of  a  tube  immmed  in  water,  the  liquid  will 
ise  in  the  interior  of  the  tube,  owing  to  the  air  in  the  upper  part  being 
uretied  by  the  action  of  sucking,  and  the  pressure  of  air  acting  on 
he  eztemal  level  of  the  water  forcing  the  liquid  into  the  tube.  We 
nqr  prodnceaaimilarrianig  of  the  water  by  inserting  a  piston  in  the 
Dterior  of  the  tobe^by  the  worldng  of  whidi  the  air  wiU  be  Hl^^ 
Upon  this  principle  depends  the  construction  of  pumps. 

The  Suction  Pump  consists  of  a  suction  or 
feeding  pipe  a  (Fig.  a  cylinder  a 

piatoD  p,  an  upper  pipe  i,  and  three  vakes  r, 
t,  and  /,  opening  nprards.  The  irahe  r  ia  at 
the  bottom  of  the  cylinder,  #  is  in  the  piston, 
and  /  in  the  lower  end  of  the  up]KT  j)ij)e. 
The  suction-pipe  plunges  into  the  water  we 
wish  to  raise,  and  the  piston-rod  moves  air- 
tight through  the  box  e.  When^  cm  the  first 
mofementy  the  piaton  ia  raised,  /  doses,  but 
r  and  /  are  open  ;  /  owing  to  the  condensation 
of  air  above  the  piston,  and  r  owing  to  its 
rarefaction  below  the  puton.  As  the  pressure 
of  air  in  the  suction-pipe  diminishes,  the  water 
riaea  in  cooaeqaence  of  the  preponderance  of 
the  external  pressure.  The  lower  valve  closes 
as  the  piston  descends.  The  air  iu  the  cy- 
Imder  below  the  piston  is  comprcssec^  and»  opening  the  valve  /, 
paawa  through  the  piaton  into  the  upper  part  of  the  ^linder. 


FlO. 


Digitized  by  Google 


96  HTBMWTATICS; 

On  tbe  MOod  elevitioii  of  die  pwUm,  the  water  again  motaik 

higher  in  the  auction-pipc,  while  a  quantity  of  air  is  again  expelkd 
throujj:li  the  valve  /.    At  last,  alter  a  certain  number  of  strokes  of 
the  piston,  the  water  ascends  above  the  valve  r  and  lifts  up  tk 
?abe  /.   Then^  all  the  air  beiiig  cupelled  firom  the  pomp,  evm 
vdfe  k  railed  by  the  water  aloiie.  Every  time  the  piatcm  dmtmik, 
a  quantity  of  water  panes  Hmnigh  the  valve  i,  and  at  eadi  staNib 
a  fresh  supply  is  raised  into  the  upper  pipe  and  the  suction-pipe 
The  force  expended  in  raising  the  piston  is  partly  lost  in  overcominf 
the  iriotioiiy  and  in  counteracting  the  pressnie  of  a  column  of  water 
whoae  base  is  equal  to  the  soiAoe  of  the  piston,  and  whose  heii^ii 
eqnal  to  the  vertical  distanee  between  the  orifioe  at  whidi  tlie  water 
escapes,  from  the  upper  tube  over  the  level  of  the  liquicl,  into  whuli 
the  suction-pipe  is  immersed.  To  make  a  pump  efficient,  the  wat^ 
must  be  able  to  reach  the  first  valve  r.    The  position  of  this  N*alvi 
depends  npon  the  degree  of  rareAMStion  which  can  be  prodacei 
between  the  valves  i  and  r.   If  there  were  no  spaee  between  r  mi 
t  at  the  lowest  position  of  the  piston,  an  absolute  vacuum  might  k 
produced  between  these  two  valves,  and  the  valve  r  should  be  placed 
thirty-two  feet  above  the  level  of  the  water  of  the  reservoir.  Bu^  is 
it  is  impossLblB  entirely  to  avmd  interstices  occurring  below  the  piataii 
the  vaherninst  not  be  elevated  quite  thirty-two  feetabo^  I 
of  the  reservoir.  Care  must,  however^  be  taken  to  make  tbe  8])ace  as  ' 
small  as  possible  in  com})aris()n  with  the  contents  of  the  cylinder. 
li,  for  example^  the  space  occupied  one  half  of  the  oontenta  of  the 
cylinder  (eaoepting  that  filled  by  the  piston),  we  could  only  mrcfy 
the  air  between  r  and  t  to  half  the  pvessuie  of  the  atmoqdierie  air, 
and  consequently  the  valve  r  should  not  be  devated  more  than 

sixteen  feet  above  the  level  of  the  water  in  the  reservoir. 

The  Suction  and  Forcing  Pump  (Fig.  99)  consists  of  a  suction- 1 
no.  99.  pipe  a,  an  upper  pipe  a  cylinder  e,  and  a 
hony  iHston  p;  it  has  only  two  valves^  r  and  L 
On  raising  the  piston,  the  water  fiiroes  itadf 
through  the  valve  r ;  on  lowering  the  piston,  n  is 
closed,  and  the  water  rai?<ed  up  is  forced  throiig:h  /. 

The  Siiphon. — If  we  fill  a  drinking  glass 
having  a  smooth  edge  (cut  g^ass  is  the  beat)  withi 
water,  cover  it  with  a  paper,  and  invert  it,  thei 
water  will  not  run  out,  the  pressure  of  the  air 
acting  on  the  under  surface  oi'  the  paper,  and 
thus  hindering  the  escape  of  the  liquid.  Tbe 
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pqwr  is  only  so  far  necessary  as  to  enable  ns  to  invert  the  glass^ 
and  prevent  the  water  from  running  out  at  the  sidea, 
and  air-babblea  entermg  the  veaseL  When  the  lower 
opening  ia  ao  annll  aa  to  leave  no  fioarof  the  liquid  thna 
running  out,  as  is  the  case  with  the  form  of  syphon 
depicted  in  Fig.  100,  the  paper  is  \iunecessarj\  This 
syphon  is  a  common  tubular  vessel,  constricted  above 
md,  below,  and  open  at  both  extremities.  If  we  plunge 
it  enttrdjr  into  a  Mfvid  wben  both  orifieea  are  open,  it 
win  be  entirely  filled,  and,  placing  the  thumb  over 
one  opening,  we  may  lift  the  syphon  up  without  any 
of  the  fluid  contained  in  it  escaping. 

syphon  (Fig.  101)  ia  a  curved  tube, 
b  »  b*,  whose  legs  are  of  unequal 
length.  If  ^e  shorter  kg  be  plunged 
into  a  liquid,  and  the  whole  tube  filled, 
the  liquid  will  continue  to  run  out  at 
b  ,  the  end  of  the  longer  leg  lying 
lower  than  bf  we  may,  therefore, 
easily  empty  a  vessel  by  means  of  a 
syphon.  The  action  of  the  syphon 
admits  of  a  ready  explanation.  On 
the  one  side  the  column  of  water 
t  b*,  and  on  the  other  the  column  of  water  £rom  t  to  the  levd  of 
the  liquid  in  the  venel  have  a  tendency  to  fidl,  owing  to  their 
gravity. 

The  gravity  of  the  two  columns  of  water  in  the  different 
is,  however,  opposed  on  both  sides  by  the  pressure  of  air 
acting  on  the  one  side  <m  the  aperture  b*,  but  on  the  other  on  the 
svtee  of  iJie  walerin  ▼csael,  and  thua  hindering  the  formation 
of  a  mtmaw  in  llie  interior  of  ^e  tube,  whieh  would  necessarily 
be  formed  at  «  if  the  columns  of  water  ran  down  on  both 
sides. 

Aa  the  pressure  of  air  acts  alike  strongly  on  both  sides,  equili- 
brinm  would  be  eatehhahed  if  the  oolumna  of  water  were  equally 
hi|^  in  the  two  legs;  tiwt  ia,  if  Ae  opening   were  at  the  elevation 

of  the  level  of  the  water  in  the  vessel ;  as  soon,  however,  as  b*  lies 
dee])CT,  the  column  in  the  leg  s  b'  pre|)ondonitcs,  and,  in  propor- 
tion as  the  water  escapes  there,  water  is  again  forced  into  the  tube 
on  the  other  aide  by  the  ptcanue  of  the  air,  so  that  the  liquid 
eontinaea  to  eaoape  until  the  levd  of  the  water  in  the  yeaad  has 
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fallen  to  the  height  of  the  opening  b',  or  the  opening  at  b  has  been 
set  free. 

A  suction-tube,  a  i  (Fig.  102),  ia  aometimcs 
attached  to  the  syphon  to  make  it  moie  oaeftil  asd 
efficient.  We  fill  a  common  syphon  by  sacidi^ 
at  6^;  as  this  process,  however,  is  objectionable, 
owing  to  the  difficulty  of  prevent  in  2:  the  fluid 
from  entenng  the  mouth,  which  might  be  tcij 
dangerooB  in  some  cases,  as,  &r  instance,  ia 


no.  102. 


.JR. 
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emptying  a  Tcssel  of  sulphoric  add,  a 
tube  is  indispensably  necessary,  as,  by  means  cf 

this,  we  may  fill  the  whole  leg  s  h'  by  sucking  at 
ty  without  the  fluid  entering  the  mouth,  if  we 
close  the  tube  at  b*.  The  escape  of  the  fluid  b^pma  as  aocm  aa  ve 
again  open  the  end  h'  of  the  tube. 

Mwrioit^f  Law,  Tke  volume  of  gasei  is  moersely  proportiamd 
to  the  pressure  to  which  they  are  subjected. — To  ])rove  tliis  funda- 
mental law  by  experiment,  we  take  a  cnrved  cylindrical  tube 
whose  shorter  leg  is  closed  above,  while  the  longer  one  rauaiut 

vra.  103.      At  first  we  pour  a  little  mercury  into  the  tnbe, 

and  then  incline  it  a  little  that  the  air  may  escape 
from  the  shorter  By  this  means  we  can  easilv 

contrive  that  the  mercury  shall  stand  equally  in 
both  legs.  Then  the  air  endoaed  in  the  ap^e  m  h 
(Fig.  103)  is  emctly  counterpoised  by  the  preaaore  of 
the  atmosphere.  If  we  again  pour  mercury  into  the 
open  leg,  the  pressure  to  be  sustained  by  the  cuclosed 
air  is  increased,  and  the  latter  is  compressed  within  a 
smaller  space.  If  the  mercury  riae  in  the  shorter  1^ 
to  the  point  m,  halfway  between  a  and  i^,  the  air  wiD 
be  compressed  to  the  half  of  ila  fbrmer  ipolnme ;  if  now 
we  mark  on  the  longer  leg  the  })oint  «  at  an  oqual 
height  with  m,  and  measure  how  high  the  nierciiry 
has  risen  above  n  in  the  longer  we  shaii  find  thst 
thehei§^t  of  the  oolumn  of  mercury  tniaeiaetty  eqoal 
to  the  height  of  tiie  barometer;  the  air  endooed  in 
b  m  has,  therefore,  to  support  the  pressure  of  two 
atmospheiTs.  If  the  open  kg  of  this  apparatus  wert 
long  enough,  we  might  show  in  the  same  ™*"?*rr  that 
I  pressure  of  three  or  four  atmospheres  .would  compreaa  tke 
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enckifled  mt  to  one  third  or  one  fourth  of  its  oiigiiial  Toliime. 
Ango  and  Dukng  hare  shown  that  for  atmospheric  air  this  law 
does  not  vary  in  its  application  at  least  up  to  a  pressuie  of 
twenty-seven  atmospheres. 

By  this  eiqperiment  the  correctness  of  Mariotte's  law  is  proved 
irom  the  pressore  of  one  atmosphere  to  the  prsssnie  of  twenty- 
seven  atmospheres;  while  for  a  pressore  of  less  than  one  atmoi^ere 
we  may  eonfirm  the  principle  by  the  help  of  the  apparatus  about 
to  be  described  (Fig.  10  i).  A  somewhat  wide  glass  tube, 
terminating  above  in  a  wider  vessel,  and  closed  below,  is  so 
vra.  104.  placed  in  a  frame  as  to  stand  vertieally.  It  is  filled 
with  mercury  to  about  the  line  e  il  We  now  M  a 
barometer>tube  (as  in  the  Torrieellian  experiment 
before  described)  with  mercury,  leaving,  however,  a 
space  of  three  to  five  centimetres  empty.  If  we  now 
close  the  aperture  with  the  linger,  and  invert  it,  the 
air*bubble  will  ascend  into  the  upper  part  of  the 
tube. 

If,  now,  as  in  the  Torricellian  experiment,  the  lower 
end  of  the  tube  enters  the  mercury  of  the  vessel  c  n, 
and  we  remove  the  finger  from  the  tube,  the  column 
of  mercury  in  the  barometcr4ube  will  ftdl  to  a  certain 
p<nnt.  But  we  ahall  immediately  observe  that  the 
summit  of  the  column  of  mercury  does  not  stand  so 
high  above  c  n  as  the  barometric  height  measures, 
because  there  is  air  in  the  upper  part  of  the  tube,  and 
no  vacuum  as  in  the  barometer. 

If  we  press  down  the  tube  until  it  reaches  further 
and  further  into  the  mercury  of  the  wide  tube,  the 
volume  of  the  enclosed  air  will  become  smaller.  We 

Lnow  press  the  tube  so  far  down  that  the  mercury  in  the 
tube  stands  exactly  at  the  height  of  the  level  of  the 
mercury  cfi*  In  this  caae  the  enclosed  air  ia  submitted 
cnctly  to  the  pressure  of  one  atmosphere* 

The  height  of  the  enclosed  edumn  of  air  exposed  to  the  pressure 
of  one  atmosphere  is  now  measured:  it  amounts  to  five  centi- 
metres. 

If  we  again  draw  up  the  tube  the  volume  of  air  increases,  but 
st  the  ssme  time  the  top  of  the  mercury  rises  above  the  level  e  n. 
Provided  we  draw  the  tube  so  far  up  that  the  enclosed  sir  oeeu^es 

a  length  of  ten  centimetres  in  the  tube,  the  height  of  the  top  of 
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die  mercury  above  the  level  en  will  be  euctiy  half  oi  the  height  <tf 
the  baraneter  obaerved  at  llie  moment.  Per  inatuiee^  if  Ik 
barometer  stand  at  760  mfllimetrea,  the  top  of  the  mercmy  vil 

be  exactly  380  millimetres  above  c  n. 

The  half  of  the  atmospheric  pressure  is,  therefore,  counterbalanced 
by  the  column  of  mercury  under  the  emsloied  air>  and  the  pressure 
lAiieh  the  latter  has  to  sostain  is  only  equal  to  the  pressnie  of  half 
the  atmosphere;  its  vohuney  however,  is  twice  as  large  aa  it  was 
when  supporting  the  pressing*  of  one  atmosphere.  If,  now,  we 
raise  the  tube  so  far  that  tlic  enclosed  air  occupies  a  Icngrth  of 
lifteea  centimetres,  so  that  its  volume  is  three  times  greater  thsD 
it  was,  the  height  of  the  eolumn  of  mercuiy  in  the  tube  amounts 
to  two  thirds  of  the  barometric  height :  Ihe  endosed  air  hsi^ 
therefore,  only  a  pressure  of  one  third  of  an  atmosphere  to  mnlaiB. 

Measurement  of  heights  by  the  Barometer, — If  the  air  were  not  an 
elastic  fluid,  but  were  like  water,  it  would  be  extremely  easy  to 
compute  heights  by  the  barometer.  At  the  level  of  the  sei^  the 
barmneter  stands  at  760^,  as  soon  as  we  ascend  11|5  metres^  the 
barometer  fidls  to  759*^;  a  column  of  air  of  11,5  metrea  in 
height  will,  therefore,  equipoise  a  column  of  mercury  of  1™  in 
height. 

From  this  we  may  calculate  the  density  of  the  air,  for  it  is  to 
that  of  memiy  aa  1"»  ia  to  11,5*  or  aa  1  to  11600,  that  is  tk 

density  of  the  air  is  ^^^^th  of  that  of  mercury.   The  denaity  ol 

13  6 

the  dr,  is,  fhenifoK,  or  nearly  0,001»  that  of  ««ter, 

water  is  18,6  times  lighter  than  mercury.   If  now  the  air 
like  water,  the  density  of  the  stata  of  air  lying  above  us  wooid  be 

equally  great,  and  we  should  then  only  have  to  ascend  11,5  metra 
to  have  the  baromt  ter  again  to  fall  1""" ;  and  if  by  continued  a^^ccnt, 
the  barometer  had  fallen  »  millimetres,  we  should  then  have  attained 
a  height  nx  11,5  metres.  But  the  air  is  clastic,  the  smaller  the 
pressure  weighing  upon  it,  the  less  will  be  its  density;  rmm 
quently  the  higher  we  ascend,  the  more  rarefied  is  the  air. 

'Hie  law  by  which  the  density  of  the  air  diminishes  l)y  constant 
ascent,  and  the  relations  existing  between  the  height  of  the 
barometer  and  elevations  above  the  soil  can  be  developed  fay 
MarioMt  km. 

Suppose  the  barometer  to  stand  at  7dO^  at  any  given  apot 

If  we  ascend  11,5  metres,  the  barometer  will  fall  to  roJ'""'  or 
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759 

what  is  the  same  thing  760^.  Without  any  serious  etm,  we 

limy  asiiume  that  the  whole  layer  of  air  every  where  at  a  height 
of  1 1;5  metre,  is  of  equal  density  with  that  at  the  level  of  the  sea. 
in  !%•  105,  «  is  a  poinl  on  earth's  sortee,  &  is  a  point 
Ijring  11,5"  higher,  and  eadi  one  of  the  sevml  points  e, 
wiQ,  105.  is  11,5'"  above  the  lower  one.  As 

the  density  of  the  air  is  proportionate  to  its  pres- 
sore,  the  layer  b  e  is  less  dense  than  the  layer  a 
b,  and  the  densiftiss  of  these  Isffln  will  be  as  the 
beig^  of  the  bamaeter  at  «  and  b,  that  is  the 

.  density  of  the  layer  6  c  is  ^  of  the  density  of 
9  '  760(^)'  theUyora^. 

^^^^^  doesnotfallsomuchasl— ,butonly|^.  The 
\760/   height  at  which  the  harometer  stands,  is,  there- 


c  i  760^— y      this  manner  we  may  finrther  eondnde  that 
T       ^^^^   the  densities  of  the  la} 

rometc 

759 


   the  layers  b  c  and  c  d  arc  as  the  / 

b  . .  760^^^!  heights  of  the  barometer  h  and  c,  and  that  conse- 


a  i  760  qnently  the  layer  c  din       times  lighter  than  the 

kyer  b  c,  11,  therefore,  the  layer  b  e  could  support  a 
eolunm  of  mercury  of  ^   ,  the  layer  e  d  ean  od^  bearaeohunn 

'^'m'^rn^  Q'-^"^'  we       firoo.  c  to  4 

the  harometer  must  fall  (^g^)  millimetres.    At  d,  likewise^  tiie 

^  -  ^  u™-.  w  «o  ®  •-  @= ©: 

It  win  easily  be  nadentood  that  formulsD  may  be  constructed 
frsm  these  eonsideratkma  by  the  aid  of  which  thediffiBfenee  of 
height  of  two  places  may  he  eomfnited,  if  the  bci§^  of  the 

barometer  be  accurately  measured  at  both  places. 

The  Air  Pump  must  be  ranked  amongst  the  most  indispensable 
sod  ioiportant  iastruments  of  tlie  Natural  Philosopher,  and  has 
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underpronc  many  alterations  and  improvements  since  its  invention 
by  OUo  von  Guericke.  We  will  now  consider  it  in  ito  most  simple 
fonn^  in  the  small  air  pumps  which  are  at  present  used  in  all 
chemical  laboratories. 

We  must  suppose  a  hollow  cylinder,  perfectly  closed  below,  and 
having  a  piston  c  closely  fitting  to  the  bottom.  If  now  the  piston 
be  forcibly  drawn  up,  a  vacuum  is  formed  below  it,  provided 
no.  106,  the  friction  be  air  tight  against  the  sides  of  the 
cylinder.  Nothings  however,  can  be  done  by  means 
of  this  vaemm  since  we  can  neither  see  into  it 
nor  put  anything  widiin.  But  if  a  canal  lead 
from  the  lower  part  of  the  cylinder  into  a  sphere, 
a  balloon  e,  for  instance,  which  ultliough  filled 
with  air  is  fully  closed  aj^aiust  the  external  atmos- 
phere, a  portion  of  the  air  in  e  will  enter  the  cylinder, 
owing  to  its  elasticity,  on  lifting  up  the  piston,  and  a 
rarefection  of  the  air  in  e  will  ccmsequently  fdkw. 
In  order,  however,  that  the  air  may  not  return  into 
e  on  the  (kscent  of  the  piston,  a  cock  8  is  attached  by  means 
of  which  the  communication  between  e  and  the  cylinder  may 
be  interrupted,  or  ap:ain  restored  at  will.  Tliis  cock  s  is  closed 
as  soon  as  the  piston  comes  over  it.  If  we  now  press  down 
the  piston,  the  air  in  the  cylinder  will  only  be  compressed,  if  we 
affinrd  it  no  means  of  escqie;  this,  however,  it  will  hav^  if  we 
open  a  second  cock  When  the  piston  n  at  the  bottom,  i  is 
again  closed,  and  s  opened,  while  another  drawing  up  of  the 
piston  produces  another  rarefaction  in  By  frequent  repeti- 
tion of  this  operation,  we  may  obtain  a  considerable  rareiac- 
tion  at  e. 

no.  107.  The  apparatus  in  this  form  is,  however,  inconve- 
nient on  many  accounts.  In  the  first  plaoe^  the  con* 
tinnal  opening  and  shutting  of  the  two  cocks  is 

extremely  troublesome.  But  for  the  cock  /  we  may 
substitute  a  valve  which  closes  on  the  elevation,  and 
no,  108.  opens  on  the  depression  of  the  piston.  The  lower  part 
of  the  piston  consists  of  a  brass  plate  with  a  screw 
screwed  into  a  piece  of  brass  e  c.  The  seiew  is  perfo- 
rated along  its  length,  and  a  piece  of  silk  r  bound 
over  the  opening  o.  In  the  piece  of  brass  to  whidi 
the  screw  is  fixed,  there  is  an  opening  b.  On  the 
elevation  of  the  piston,  the  air  in  the  upper  part  of 
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the  cylinder  forces  ittelf  through  the  opening  b  in  tbe  silk^  and 
presses  it  tightly  upon  the  opening  o ;  the  piston  acts,  therefore, 
on  rising  exactly  as  if  it  were  solid :  the  aii*  passes  from  the 
apaee  e  through  the  open  cock  s  into  the  lower  part  of  the 
erlmdflr;  bol  if  after  the  oodc  $  ia  doaed,  the  piaton  be  agpm 
preaacd  down,  the  air  in  the  under  part  of  the  cylinder  will  be 
compressed,  and  raising  the  valve  r,  will  escape  through  the 
opeiiiug  b  into  the  upper  part  of  the  cylinder. 

The  piece  of  brass  c  is  inserted  into  a  cork  bound  round  with 
fine  leather.  Thia  leather  ia  pieiaed  againat  the  aidea  of  the 
eyiinder  by  the  etaaticity  of  the  eork. 

The  cock  s  may  also  be  dispensed  with,  if  a  second  valve  be 
applied  to  the  part  where  the  caiiui  opens  into  the  cylinder.  This 
valve  opens  on  drawing  up  the  piston^  and  closes  with  its  descent. 
The  aecoDipanjing  figoie  shows  a  very  naeldl  UtUe  air  pomp,  one 
109. 


of  the  natoial  aiie.   It  haa  been 
conatraeted  in  aeoordanee  with  the  plan 

of  Gay  Lussae.  The  canal  goes  verti- 
cally down  from  the  lower  end  of  the 
cylinder  into  a  canal  a  b  running  bori- 
iontally*  Die  ooik  at  4  ahonld  be 
cloaed,  and  the  reeeifer  from  which  the 
air  is  to  be  exhausted,  screwed  on  at  a ; 
then  on  raising  the  piston,  a  portion  of 
the  air  will  pass  tirst  through  the  hori- 
lontal,  and  then  through  the  vertical 
canal  into  the  cylinder,  and  on  preaaing 
down  the  piston^  will  escape  thioagh  ita 
valve.  To  admit  the  air  again  into  the 
receiver,  uotliiiig  more  is  necessary  than 
to  open  the  cock  at  4* 

By  meana  of  the  aerew/  the  air  pomp 
may  be  screwed  on  to  a  table,  or  to  a 
board  seciu-ed  to  a  tabic,  and  will  thus 
remain  fixed  while  being  used. 

We  dfffrigna^  by  the  term  receiver ,  the 
apace  from  whidi  the  air  ia  to  be  eshanated.  The  beat  Ibnnlbr 
rcccivera  of  air  pumps,  designed  for  general  ezperimentai  ia  a  beD 
made  of  glass,  the  under  and  somewhat  broader  edge  of  which 
must  be  made  perfectly  smooth  and  polished,  so  that  it  may  fit 
into  a  amooihly  cut  plate  with  auch  eiactitude  as  to  prevent  the 
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entniiOB    any  air  betmen  IIk  tiro.   A  peifot  eiebMon 

however,  only  be  effected  by  nibbing  the  edge  ni  the  bdl  wilfc 

tallow  before  placiug  it  upon  the  plate.    In  Fig.  110  wc  see  i 

..^  receiver  of  this  kind 

m.  110. 

w  conjuQCtioii.  wUk 
a  little  eir  pMfi 
IVom  the  middk  ef 

the  plate,  a  canal 
goes  vertically  duwu 
and  thea  paaaea  far- 
ther en  tluroof^  a 
abort  hoffuoMlil 
tube.  At  tbe  cud 
of  this  short  hori- 
soatal  piece  of  tube, 
a  glass  tube  ie  e(- 
tedied  by 
of  an 

tube,  and  is  secured 
in  a  similar  manner 


to  the  air  pump  on  the  opposite  aide.  The  degree  of  rarcfactioD 
that  ean  be  obtained  by  p«ni|»ngy  may  be  meaained  fay  what  is 
termed  the  baranetrie  teat   Tfaia  ia  applied  to  tfie  amaUer  air 

pumps  in  the  manner  shown  at  Fig.  110.  A  glass  tube  of  about 
thirty  inches  in  length  is  immersed  at  its  lower  end  into  a  vessel 
full  of  mercury. 

Above  it  ia  ernrved*  and  aeeoied  to  the  pmnp  by  meana  e£ 
a  abort  bat  wider  pieee  of  tube.  If  the  eock  d  be  opened 
the  mmnry  will  aaoend  in  the  tube  in  proportion  aa  Ae  rai^ 

faction  is  continued.  If  it  were  possible  to  create  a  perfect 
vacuum  by  means  of  the  air  pump^  the  column  of  mercury 
faiaed  in  the  tube  e,  would  be  eqinal  to  the  height  of  the  bar^ 


With  a  wan  eonatraetod  apparatna  of  this  VakA,  we  ma^ 

most  of  the  experiments  of  the  air  pump,  with  the  exception 
perhaps  of  some  few,  requiring  very  large  receivers,  or  a  very 
rapid  and  complete  eihanstion.  On  this  account,  air  pmnpa  of 
thia  kind  are  to  be  reeommended  fat  all  fN^nkr  inatitatioo%  aol 
poaaeasing  the  Amda  neoeaaary  to  obtain  ttle  moat  highly  Uniahii 
apparatus,  viz.  when  they  are  made  four,  fivey  or  six  timea  larger 
than  the  one  represented  m  Fig.  109. 
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Larger  air  pumps  of  various  forms  have  been  constructed,  but 
all  are  based  ujK)n  the  same  principles  as  the  ones  above  described. 
We  will  consider  more  attentively  one  of  the  best  arranged  of  these 
apparatus. 

In  a  cylinder  a  which  must  be  perfectly  well  finishedi  the  piston 
no.  111.  b  moves  by  means  of  the 

rod  Cf  which  must  be 
perfectly  air-tight,  no  air 
being  able  to  escape  be- 
tween the  piston  and  the 
cylinder. 

In  the  piston  there  is 
a  valve  8,  which  must 
move  easily  and  open 
upwards.  It  rises  when 
the  pressure  from  below 
is  greater  than  from 
above,  but  otherwise  re- 
mains hermetically  closed. 
The  rod  e  d  is  the  valve 
for  the  cylinder.  If  the  piston  be  raised,  the  whole  rod  is  lifted 
up,  but  d  soon  strikes  the  upper  plate  of  the  cylinder,  and  the 
piston  moves  with  some  friction  along  the  whole  rod.  As  soon  as 
the  piston  descends,  the  truncated  cone  e  is  pressed  into  the 
conical  opening  below  it,  so  that  the  upper  surface  of  the  cone  e, 
and  the  bottom  of  the  cylinder  form  a  plane  surface,  and  the 
piston  may,  therefore,  rest  perfectly  on  this  bottom. 

From  the  above  mentioned  conical  opening,  a  canal  goes  on  to 
r.  Here  there  is  a  screw,  to  which  may  be  attached  the  balloons 
or  receivers  that  are  to  be  exhausted. 

The  screw  v  is  in  the  middle  of  a  plate  p,  on  which  the  bell  h 
may  be  placed.  Let  us  assume  that  the  piston  is  on  the  lower 
plate  of  the  cylinder.  If  then  it  be  raised,  a  vacuum  will  be 
formed,  provided  all  the  valves  remain  shut ;  but  the  valve  e  is 
opened,  and  the  air  from  the  bell  passes  partly  over  to  the 
cylinder. 

But  by  this  means,  the  air  in  the  bell  and  in  the  canal 
of  the  bell  is  rarefied,  consequently  the  valve  s  in  the  piston  must 
remain  closed.  On  the  descent  of  the  piston  the  valve  at  e  is  shut, 
and  all  passage  closed  for  the  return  of  the  air  from  the  cylinder 
mto  the  bell.    Tlie  air  thus  shut  in  will  escape  through  the  valve 
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9,  until  the  piston  reaches  the  bottom  of  the  cylinder.  Another 
upward  stroke  of  the  piston  prodaces  a  firesh  raie^sctioii  in  the 
beU. 

We  may  easily  understand  that  an  absolute  yaeuum  can 

never  bo  produced  in  this  manner  below  the  bell,  however  long  we 
may  continue  the  above  mentioned  operation,  because  by  every 
fresh  stroke  of  the  piston,  the  air  below  the  bell  is  only  re-rariiied ; 
we  may,  however,  easily  manage  to  reduce  the  air  until  it  has 
only  a  tension  of  two  millimetres.  The  time  required  to  produce 
a  certain  degree  of  rarefaction  wilt  be  shorter  or  longer  according 
to  whether  the  yolume  of  the  receiver  be  small  or  large  in  compa- 
rison with  the  volume  of  the  cylinder. 

If  we  have  exhausted  the  pump  sufficiently,  the  atmospheric 
pressure  acting  upon  the  piston  is  not  counterpoised  by  any 
opposite  pressure  within.  In  order  to  raise  the  piston^  we  must 
apply  a  force  of  1083  Idlog*  for  every  square  centimetre  of  its 
sur&o^  besides  having  to  overcome  the  friction. 

In  air  pumps  with  two  cylinders,  the  pressure  on  the  one  piston 
acts  against  that  weighing  down  the  other  piston,  and  thus 
nothing  but  friction  remains  to  be  overcome. 

In  the  canal  connecting  the  receiver  with  the  sucker,  a  double- 
no.  112.         acting  cock  y  is  applied ;  that  is  to  say,  a 
^  y         cock  having  two   openings^  a  common 

IP^^^^HBP^'  straight  aperture  connecting  the  receiver 
with  the  sucker,  while  the  pump  is  being  worked,  and  a  lateral 
oj)ening  closed  by  a  metal  stopper  b,  and  turned  towards  the 
sucker,  when  the  receiver  is  to  be  shut  off.  If  we  wish  to  let  air 
again  into  the  receiver,  we  must  turn  the  cock  in  such  a  nuinner, 
Fto.  113.  that  the  lateral  opening  is  turned  to  the  receiver,  and 
then  draw  out  the  metal  stopper. 

In  these  air  pumps,  the  barometric  gauge  is  generally 
differently  constructed  from  the  above  mentioned.  It  is 
usually  a  shortened  barometer,  closed  in  a  long  narrow 
bell  r,  Fig.  Ill,  and  connected  with  the  canal  of 
the  machine.  Tliis  connection  may  be  cut  off,  or 
again  restored  by  means  of  a  cock.  Fig.  113  repre- 
sents an  isolated  barometer  gauge,  seven  inches  in  length. 
The  mercury  entirely  fills  the  closed  leg,  and  only  begina 
to  sink,  when  the  pressure  of  air  acting  on  the  open  1^  is 
redueed  to  one  fourth  of  the  atmospheric  pressure.  If 
this  degree  of  raiciaction  be  obtained,  the  barometric  teat  will 
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always  give  the  prcssun*  ot'  the  air  in  the  iMceivcr,  which  is 
equal  to  the  diiiereuce  of  the  height  of  the  two  columns  of 
mercury.  As  soon  as  air  is  again  admitted,  its  pressoie  will 
dim  the  metcury  fbicibly  back  into  the  dosed  tube;  ire  mnst| 
therefore,  moderate  the  rush  of  air  to  prevent  the  top  of  the 
glass  tube  from  being  broken  through. 

Otto  von  Guericke  made  by  means  of  the  machine  which  he 
constructed^  the  remarkable  experiment  with  the  Magdeburg 
HmupkmM,  which  consisted  in  producing  a  vaamm  in  a  hdiow 
metal  baD,  the  bshes  of  which  were  only  simply  bad  on  each 
other.  Heforc  the  vacuum  is  formed,  it  is  easy  to  separate  the 
parts,  but  when  they  have  been  entirely  exhausted  of  air,  and 
there  is  nothing  to  counteract  the  external  atmospheric  pressure, 
thqf  adhere  most  extraordinarily  ek)se  together.  If,  for  instance, 
sts^  114.  tiie  radius  of  the  ball  were  only  1  decnnetie,  a 
section  through  its  centre  would  be  314  square 
centimetres,  and  consequently  the  cvtcrnal  ])res- 
sure  holding  the  two  halves  together  would  be 
more  than  314  kilogrammes.  In  order  to  make 
the  contact  more  perfeety  the  edges  of  the  hemispheres  are  rubbed 
w  ith  fat,  like  the  bell  before  it  is  placed  on  the  plate;  the  cock  e 
which  is  open  while  the  pumj)iTip;  goes  on,  is  closed  before  the 
united  hemispheres  are  taken  off  the  air  pump,  and  the  re-entrance 
of  air  is  thus  prevented. 

The  air  pomp  is  used  in  many  experiments.  By  this  means  it 
may  be  shown  that  boming  bodies  are  extinguished  in  a  vacuum, 
that  smoke  falls  to  the  ground  like  a  heavy  body ;  that  air,  as  it 
were,  is  dissolved  in  water ;  that  a  layer  of  air  intervenes  between 
fluids  and  the  aidea  of  the  vessels  in  w  hich  they  are  contained,  for 
its  presence  is  manifested  by  a  number  of  little  globules  that 
increase  in  proportion  as  the  air  diminishes.  By  the  aid  of  an  air 
pump,  we  may  cause  cold  water  to  boil. 

Fi«.  115.  *      ^  S^^ss  cylinder  about  one 

metre  in  height,  and  having  a 
diameter  of  about  twelve  centi- 
metres, whose  upper  and  lower 
edges  are  carefully  smoothed,  is 
placed  upon  the  plate  of  the  air 
pump;  the  upper  aperture  of 
the  cylinder  is  closed  by  a 
metal  plate  (as  exhibited  in  Fig.  115)  hermetically  attached  to 
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the  polished  glass  edge  by  being  nibbed  with  fat.  Throofrk 
the  middle  of  this  plate,  there  passes  an  air-tight  metal  ooor, 
(almost  like  a  cock)  that  may  be  turned  at  will.  Two  horizon- 
tally secured  rods  s  revolve  with  this  metal  cone. 

On  each  of  the  rods,  there  is  a  little  metal  plate  /  fastenei 
to  a  rod  projecting  from  the  metal  plate  by  means  of  a 
horizontal  pin,  round  which  it  must  revolve  easily.  When 
the  rod  8  is  turned  so  far  from  the  position  indicated  in  the 
diagram,  that  the  little  plates  /  are  no  longer  supported,  the 
latter  will  turn  round  throwing  off  whatever  may  have  been  liid 
upon  them.  It  is  better  that  the  two  plates  /  should  not  turn 
round  simultaneously.  We  lay  then  a  piece  of  metal,  and  a  little- 
feather  on  each  plate ;  and  if  we  let  the  one  plate  turn  over  before 
we  have  done  pumping,  the  piece  of  metal  will  fall  much  faster 
than  the  feather.  But  when  the  air  is  quite  exhausted,  and  the 
second  plate  is  turned  over,  the  feather  will  fall  as  rapidly  as  the 
piece  of  metal. 

Fio.  116.  The    condensing  Pump 

serves  to  condense  the  air.  li 
differs  essentially  from  the 
air  pump,  in  having  valves 
that  open  and  shut  in  oppo- 
site directions,  as  exhibited 
in  Fig.  116.  When  the 
piston  descends,  it  com- 
presses the  air,  driving  it 
into  a  receiver ;  when  it 
ascends,  the  external  air 
opens  the  valve  of  the  piston,  and  presses  into  the  cylinder,  while 
the  compressed  air  in  the  receiver  keeps  the  bottom  valve  of  the 
cylinder  shut.  Another  depression  of  the  piston  reopens  the 
bottom  valve,  and  closes  the  piston  valve,  when  a  new  supply  oi 
air  is  forced  into  the  receiver,  &c. 

The  barometer  gauge  of  the  condensing  machine  is  a  straight 
tube,  closed  at  the  top  and  filled  with  air,  having  its  lower  open 
end  plunged  in  a  vessel  of  mercury.  On  beginning  the  experiment, 
the  air  into  the  tube  is  below  the  pressure  of  one  atmosphere,  if  the 
levels  of  the  mercury  in  the  tube  and  the  vessel  are  of  equal 
weight. 

The  more  the  pressure  increases,  the  higher  the  mercury  rises  in 
the  tube.    From  the  height  of  this  column  of  mercury,  and  the 
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(  oinprcHsion  of  the  air  in  the  tube,  it  is  easy  to  determine  the 
degree  of  condeniation  in  the  reeeiver. 

In  this  madiiiie,  the  reeemr  muit  he  lerami  ta^Hj  on  the 
plite  to  pMvenl  its  bang  niaed  by  the  oompreaaed  air. 

Condensing;  pumps  have  been  so  contrived  aa  to  screw  on  the 
apparatus  in  which  air  is  to  be  compressed.    They  have  only  one 
cylinder,  and  one  piston  withont  a  valve.    On  the  one  end  of  the 
fM.  117.  vie.  lia.         qrlinder,  the » 

aemnriaaerewed 
on^  in  which  the 
air  is  to  be  com- 
pressed ;  on  this 
thflK  is  a  valve, 
thrcmgh  which 
air  may  enta% 
but  cannot  es- 
cape from  the 
reservoir.  In 
order  to  admit 
fredi  air  into  the 
cyHndcr,  after  a 
portion  has  b(;cn 
compreaaed  into 
the  reaervoir, 
the  cylinder  baa 
either  a  lateral 
aperture  as  in 
117,  or  a 
lateral  valve  Hke 
Fig.  118.  The 
httar  iapartiea* 
larly  applicable 

when  we  want  to  compreaa  a  special  gaa,  for  it  is  then  only  neces- 
sary to  pot  the  gbaa  reaaivoir  in  eonneetian  with  the  tube  of  the 
lateral  vabe. 

Ibe  flnl  of  fiieae  eondensing  pumps  is  mainly  naed  f»  loading 
air  guns,  the  construction  of  which  will  be  made  clear  by  the 
accompanying  iigures.  When  by  help  of  the  condensinir  pump, 
we  have  compreaaed  the  air  in  the  piston  of  the  air  gun  to  the 
tenlj  of  8  or  10  «tnioipliem»  a  barrel  ia  acarawed  on,  along 
vUdi  the  baD  ia  diieeted.   If  the  vabe  doaing  the  pMon  be 
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opened  by  the  trigger,  a  part  of  the  endoaed  air  will  eneape  wid 
great  TicJeiioe,  carrying  the  ball  with  it;  but  the  ▼ahre  dotes 

iininediately.  A  good  air  gun  may  give  as  much  speed  to  a  haB 
as  a  musket  can  do.  Many  shots  may  be  discharged  without 
reloading^  the  number  being  in  proportion  to  the  aiae  o£  tk 
piiton* 

Hm^$BM. — We  can  alao         flnida  ont  of  veaada  will 

great  Tiolenee  by  means  of  compressed  air,  as  is  the  ease  will 
Hero's  Ball,    A  tube  passes  nearly  to  the  bottom,  through  the 
no.  128.  of  a  vessel  partially  tilled  with  water.    The  tube 

^  tcrminatea  above  in  a  point  with  a  fine  aperture.  If  tk 
air  in  the  upper  part  of  the  vend  have  in  any  way  ben 
compreescd,  the  presaore,  which  it  eierta  on  the  waaket 

I  \  water,  will  drive  the  fluid  out  of  the  fine  apertun 
i  ^   after  the  manner  of  a  fountain.    We  may  make  use  of  i 

II  flaak,  dosed  by  a  cork,  through  which  passes  a  glata  wi 
m     drawn  out  to  a  fine  point.  If  theglaaaroddoeallotpaB^ 

ylV  ^       the  vesady  we  obtain,  by  thk  arrangemeaty 

/  the  dropping  bottle  with  which  chemists  eonnnoiily  \\a>l 

VJHf  their  ])rccij)itatcs.  The  air  in  this  may  be  compressed  hy 
blowing  with  the  mouth  through  the  tube.  If  the  air  enclosed  at 
the  ^yparatus  be  of  equal  dendty  with  the  sorrounding  aftttof* 
phere,  and  we  fdaeeitnnder  the  bdl  of  the  air  pump,  it  will  bcgp 
to  burst  as  soon  as  we  have  exhausted  the  air.  This  apparatus  ii 
often  constructed  in  large  dimensions  entirely  of  metal.  In  that 
case^  the  neck  is  furnished  with  a  cock  r,  above  which  the  tkia 
tube  Buqr  be  aerewed  on.  The  air  is  comproaaedby  meana  of  aeoB- 
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(Icnsing  pump  screwed  on  in  the  place  of  the  pointed  tube.  When 
the  vessel  is  charged,  we  close  the  cock,  remove  the  pump,  and 
screw  on  the  pointed  tube.  As  soon  as  the  cock  is  opened,  the 
water  rushes  out  to  the  height  of  from  30  to  100  feet,  if  the  air 
has  been  compressed  to  2,  or  from  5  to  6  atmospheres. 

The  ftre  Engine. — Fig.  123  represents  the  combination  of  the 
forcing  pump  with  Hero's  Ball ;  the  cylinders,  of  which  we  will 

WIG.  123. 


consider  the  one  to  the  right  hand,  stand  in  a  trough  filled  with 
water.  If  the  piston  /  be  raised,  the  valve  d  rises,  and  the  water 
presses  into  the  cylinder  e.  On  the  descent  of  the  piston,  the  valve 
d  closes,  the  valve  c  is  opened,  and  the  water  is  forced  through  the 
narrow  tube  b,  into  the  air  chamber  a.  This  air  chamber  is 
nothing  more  than  a  large  Hero's  Ball,  and  the  more  water  is 
pumped  into  it,  the  more  is  the  air  in  its  upper  part  compressed. 
The  tube  h  reaches  almost  to  the  bottom  of  the  air  chamber ;  at  g 
a  tube  with  a  narrow  opening  is  screwed  on.  A  strong  jet  of 
water  is  driven  from  the  aperture  by  the  pressure  constantly 
exercised  upon  the  water  by  the  air  compressed  in  the  chamber. 
A  leather  pipe,  with  a  metal  spout,  may  be  screwed  to  an  opening 
in  the  side  of  the  air  chamber  near  the  bottom  :  this  pipe  also 
throws  out  a  jet  of  water  which  can  be  more  easily  directed,  and 
brought  nearer  to  the  burning  parts  than  the  stream  from  the 
aperture  g.  The  raising  and  lowering  of  the  piston  is  managed 
by  a  lever,  whose  fulcrum  is  m.    Both  rods  of  the  pistons  are  so 
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attached  to  this  lever,  that  the  one  ascends  as  the  other  descends, 
and  a  fresh  supply  of  water  may^  thereforei  be  unintemiptedly 
oonveyed  to  the  air  chamber. 


m.  184. 


Fio.  125* 


Hmf%  Fowi^atti.  —  The 
most  simple  mode  of  oon- 

structinp:  Hero's  Fountain  by 
means  of  glass  tubes,  and  a 
glass  blower^s  lamp  is  shown 
in  Fig.  124.    The  colnmn 
of  water  in  the  tube  a  com- 
presses  the  air  in  6;  the 
compressed  air  presses  upon 
the  surface  of  the  water  in 
c,    and    consequently  the 
water  must  gush  out  at  d. 
According  to  the  same  prin- 
ciple.  Hero's  Fountain  in 
Fig.  125  is  composed  of  ^^ass 
tabes,  glass  flasks,  and  a 
fiinnel.    It  is  evident  that 
the  vessel  c  must  be  sup- 
ported in  sonic  way.  Wien 
the  apparatus  is  set  into 
action,  the  yessel  c  is  filled 
with  water,  and  its  neck 
closed  with  a  cork,  through  which  pass  the  tubes  h  and  dL 
Water  is  then  poured  into  the  funnel /,  on  which  the  water  begins 
to  gush  front  the  tube  d. 
FIG.  126.       Measurement  of  the  pressure  of  Gases. — There  are  two 
means  by  which  we  may  measure  the  pressure  of  gases^ 
viz.  by  columns  of  liquids,  and  by  valves.  An  apparatua 
designed  for  this  purpose  is  termed  a  nuaumuier.  The 
barometer  gauge  upon  the  air  pump,  and  the  con- 
densing machine  are  manometers. 

Safety  tubes  belong  in  some  respects  to  mano- 
meters ^  for  they  measure  the  pressure  of  the  gas  in 
the  apparatus  to  which  they  are  attached.  If  their 
tension  be  equal  to  the  atmospheric  pressure^  the 
fluid  will  stand  at  the  same  level  in  both  limbsy 
(Fig.  126) ;  if  this  be  not  the  case,  the  pressure  may  be 
determined  in  the  interior  of  the  enclosed  space  by  the 
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difference  of  the  columns  of  liquid  in  the  two  limbs,  provided  the 
density  of  the  liquid  in  the  safety  tube  be  known.  These  safety 
tubes  were  invented  by  WeUer,  and  are  of  the  gieatest  utility  in 
many  chemical  operatioiis^  by  pxeventing  cgplorione  as  well  as  the 
fovdng  bade  of  endoaed  liquids  by  the  air'a  pvessnie  when 
abaorption  takes  place. 

In  Figs.  127  and  128  there  are  two  loaded  or  sufety  valves 
vie.  127.  VIS.  12S.        represented.  If  the 

^ .  ^  wei^^  be  known 

,  %  "\  thatwinioad  soeh 
^iSK  a  valve,  and  the 

size  of  the  surface 
oi  the  valve  which 
has  to  support  the 
▼erfciealpressineQfthegaSy  the  tenskm  of  the  gas  at  the  moment 
when  it  is  able  to  raise  the  valve  may  be  calculated.  For  instance, 
if  the  loading  of  the  valve  be  100  kilog.,  and  the  area  of  the  value 
25  square  ccntiuietresi  each  square  centimetre  of  this  area  will 
have  to  bear  4  Idlogrammea.  As  now  the  piessure  of  the  atmos- 
phere upon  eadi  square  eentimetre  amoonta  to  1,0825^  the  tension 

4 

of  the  gas  able  to  lift  this  valve  will  be  equal  to  fo325  ^^^^ 

mosphercs,  to  which  must  be  added  one  atmosphere  more  on 
account  of  th(^  pressure  of  the  air,  borne  by  the  valve  besides  its 
other  load.  This  apparatua  is  applied  to  liquids  as  wdl  aa  gases^ 
snd  by  its  meansi  the  boflersy  tubes  of  eommuniealion^  and  the 
cylinders  of  the  steam  engine  are  proved. 


I  i 
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CHAPTER  VL 


ATTRACTION  BETWEEN  GASEOUS  AND  SOLID,   AS  WELL  AS 
ABTWUN  QAUOU8  AND  UQUlO  BOOUB. 


Tu  folbwing  ei^erimaitB  prove  HKMt  evidently  that  m 
derabk  attraction  exists  between  the  partideB  of  sofid  and  gaaeoai 

riG.  129.  bodies.  If  we  place  a  piece  of  glowin«r  cIku 
coal  under  mercury,  and  then  let  it  asctnd 
into  a  cylinder,  whose  upper  part  is  tilled  wit^ 
cartonic  aeid,  shut  aS  Iqf  meana  of  the  ao- 
cnry  from  any  eommanication  with  the  exter- 
nal air,  and  whose  volume  is  alxNit  SO  tima 
greater  than  that  of  the  charcoal,  the  carbonic 
acid  will  in  a  few  minutes  be  so  condensed  by 
the  charcoal,  that  the  mercury  will  riae  to  ^ 
top  of  the  qrlinder.  The  whole  maaa  of  the 
eaifaonie  aeid,  whidi  befoie  filled  all  the  npper  part  of  the  eylii 
is  now  condensed  by  the  attraction  existing  between  the  ga?>  and 
the  pores  of  the  charcoal,  the  former  having  been  absorbed.  A 
similar  experiment  succeeds  with  many  other  gases.  If  the 
chaieoal  have  lain  any  length  of  time  in  the  airj  the  rqimmmf 
doea  not  yame  quite  Boeeesafb],  aa  we  may  euOj  nndentaBd,  if 
we  reflect  that  it  absorbs  atmospheric  air,  and  Uie  vapour  distri- 
buted through  the  air,  and  that  its  capacity  for  absorbing  other 
gases  is  consequently  diminished. 

If  charcoal  that  has  absorbed  gas  be  brou(^  under  the  m 
yamp,  or  kindled,  it  will  liberate  the  abeotbed  gM. 

Absorption  of  gases  is  at  all  times  aeoompanied  by  a  devdop- 
ment  of  heat,  which  is  more  considerable  in  proportion  to  the 
amount  of  absorption. 

In  the  manufacture  of  gunpowder,  the  charcoal  is  triturated  to 
a  veiy  fine  powder,  which  ahsorba  atmoqpherie  air  with 
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uvidity  that  a  considerable  degree  of  heat  takes  place  in  the  mass 
and  frequently  gives  rise  to  combustion. 

If  a  fine  jet  of  kydrogen  gas  be  thrown  upon  spongy  pktbnm, 
absorption  of  the  gas  ftOows  with  soch  videnee  as  to  make  the 
platbnim  nd  hoi  and  inflsma  Ae  hydrogen  gas.  On  this  piin« 
ci]>le  Dobereiner's  lamp  is  constructed. 

Absorption  is  considerably  promoted  when  the  solid  body  is  in 
m  finely  divided  condition,  as  is  the  case  with  diarooal  powder 
and  spongy  platiniuni  beeaose  of  tiie  nsMaasd  Biuiibsr  of 
P<»iiIb  of  eontaet  between  the  solid  bodies  and  the  gas,  bod  this 
finely  porous  condition  is  not  indispensable  to  effect  a  condensation 
of  the  gas,  it  also  occurs  if  the  solid  body  has  a  perfectly 
smooth,  or  metallic  surface;  in  this  case,  however,  the  conden- 
■atkm  is  less  eonsiderablc.  If  we  put  a  pieoe  of  phitimwn,  having 
A  pedbetly  smoodi  EoetaUis  softee^  into  a  nriitareof  otygMi  and 
hydrogen,  both  gasss  wiB  be  so  maA  eondensed  as  gradually  to 
combine  and  form  water. 

Not  only  platinum  and  charcoal,  but  all  solid  bodies  exhibit  in 
a  greater  or  less  degree  this  remarkable  rektion  to  gases.  Every  sohd 
body  Is  as  it  wen  saRomided  by  the  eondensed  atmosphere  of 
oome  gas,  wUdi  it  is  often  very  dUBeak  to  separste  horn  it,  and 
which,  even  if  its  snrfim  be  perfectly  freed  from  it,  will  again 
atlhcrc  after  a  time,  if  the  body  come  into  contact  with  gases. 
Thus  for  example,  glass  is  always  surrounded  by  a  coating  of 
eondensed  air,  which  in  the  constroetioii  of  baraneteva  ean  omfy  be 
remofad  by  tiie  boOiiig  of  the  morenry  in  the  tobe.  If  wsiv 
be  ponied  into  a  glass  flask,  and  pkeed  over  the  ike,  tihere  is 

Fio.  130. 


soon  seen  a  number  of  bubbles  forming  ou  the  bottom  long  before 
the  water  boils.   This  is  owing  to  the  layer  of  air^  which  from 
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its  great  condenniioD  was  before  imperoeptiblc,  but  noir  knm 
babbles  after  its  eqwiuioii  hj  heat.  Simikar  buhhira  apjpaar  if 
the  vessel  with  water  be  plaeed  under  the  receiver  of  die  air  psHf^ 

and  then  exhausted. 

Such  gaseous  bodies  as  easily  pass  over  into  a  fluid  comUtion 
(vapour)  are  rendered  liquid  by  their  attraction  for  solid  bodick 
Thus  chloride  of  cakium  attracts  the  t^kMut  o£  water  with  gresi 
rapidity,  condenses  it  to  water,  and  at  length  dissdbes  in  the  lata. 
Common  salt  also  attracts  the  vapour  of  water  from  the  air,  and 
becomes  moist.  It  is  the  same  with  potash  aud  many  oUin 
bodies. 

Bodies  that  attract  the  vapour  of  water  from  the  air  are  calkd 
kf^S/'^mMpic  bodies;  to  these  bekng;,  beaidea  those  we  have  ncn- 
turned,  wood,  hair^  whalebone,  &e. 

Absorption  of  yases  by  liquids. — Liquids  exhibit  a  siiiiilar  reiii- 
tiori  to  gases  as  that  we  have  just  considered  in  soUd  bodies.  Thi- 
may  be  made  evident  by  so  &r  altering  the  experiment  given  la 
Fig,  129,  aa  to  snhstitnte  ammoniacal  gas  ibr  carbonic  acid^  aai 
water  Ibr  chareoal.  The  ammoniacal  gas  is  so  eagerly  abnoibed  I; 
the  water,  that  all  the  gas  disappears  at  once,  and  the  tske 
becomes  filled  \y\i\\  water. 

The  water  absorbs  700  times  its  volume  of  ammoniacal  gas,  and 
i^OO  timea  its  volume  of  mmriatic  acid  gaa.  The  power  of  abaoqp- 
tion  of  liqioids  depends  npon  the  temperatnre  and  degree  of  prenm. 
Liquids  absorb  larger  quantities  of  gas  at  a  low  temperaAoie^  ssid 
under  strong  pressure,  than  a  high  temperature  and  under  hw 
pressure. 

Water  almost  always  contains  a  tolerably  large  quantity  of 
absorbed  air,  firom  which  it  can  only  be  freed  by  pvokiigri 
boiling.  Carbonic  add,  amongst  other  gases  is  pretty  fierij 
absorbed  by  water,  as  for  instance,  beer,  champagne,  and  oertab 
mineral  waters. 
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SECTION  III. 

OF  MOTION  AND  ACGSLKSATINQ  fOJiCSS. 


CHAPT£a  I. 

BIFFBKBNT  KINM  OF  MORON. 

Re§i  tmd  Moium,^A  body  that  dianges  its  ponton  with  respeet 

to  another  is  m  motion  ;  it  is  at  rest  if  no  such  chane;e  occur. 
Kvt  ry  form  of  rest  or  motion  observed  by  us  is  only  relative,  not 
absolute.  The  trees  are  at  rest  in  relation  to  the  neighbouring 
hills  ;  tfees  have  an  unebangeabk  posiftkm  <m  the  earth's  surface ; 
but  trees  and  hills  are  not  on  that  acooont  in  a  state  of  absohite 
rest;  they  with  the  whole  earth  on  which  they  stand  traverse 
the  vast  orbit  of  our  planet.  Althouerh  wc  know  that  we  fly 
through  the  space  of  heaven  with  the  earth,  as  it  revolves  round 
the  snn^  we  cannot  say  anything  definite  respecting  our  own 
absolute  mxAkm,  as  we  know  not  whether  the  son  is  an  immove- 
aUe  eentre  of  ^  world.  Bverythmg,  however,  seems  to  imply 
that  the  sun  itself  is  only  a  planet  revolving  roond  another  sun, 
which  in  its  turn  is  not  fixed;  but  we  are  not  able  to  determine 
or  even  to  conjecture  what  the  centre  of  all  motion  is. 

There  are  two  essential  points  regarding  motion  that  we  must 
eoosider,  vis»  dineHan  and  veheUy,  U  a  hodj  move  eontinnally 
in  one  direction,  its  course  is  in  a  straight  line ;  bat  if  the  direction 
of  its  motion  constantly  change,  its  nnjtion  is  curvelinear.  If  we 
draw  a  tangent  to  the  curve  at  a  point  of  the  curve  oceu[)ied  by  the 
body  at  any  given  instant,  this  tangent  will  show  the  direction 
of  the  motion  of  the  body  at  that  moment 

Um^urm  moHon. — A  body  has  an  nnifbrm  motion  if  it  pass 
over  equal  spaces  in  equal  times.  If  a  body  moving  in  a 
straight  linc^  advance  equally  far,  sixty  feet  for  nistancc,  in 
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eaeh  minaftc^  thirty  feet  in  every  half  minatey  md  one  ImI 
m  every  seeond,  it  moves  imifiinDly.  As  the  wgmom  Ufmsed 
in  eqnid  times  are  equal,  it  Miovrs  that  ihe  rebtion  biilwMw 

time  and  space  remains  constant.  This  relation  we  term  the 
velocity  of  uniform  motion.  If  we  take  double  or  triple  the  time, 
the  space  traversed  will  be  doobled  and  tripled^  and  the  ida-  | 
tion  conseqoenily  remains  the  same.  The  nnmbcr  expreasing  As 
vebeity  depends  npim  the  nnits  chessn  «e 
were  only  to  express  the  velocity  by  a  number,  without  giving^  the 
units  employed,  the  velocity  would  then  be  wholly  undefined.  The 
simplest  mode  of  expieeaing  velocity  is  by  giving  the  space 
traversed  by  the  bofl^  in  an  nnit  of  toufl^  as  a  minute  or  a  accondi 
Thus  for  instsnce  a  man  walks  as  a  general  rnk  with  the  iFeiocily  | 
of  2.6  feet  in  a  second.  An  ordmaiy  wind  haa  a  veloeity  of  60 
metres  in  the  minute;  a  hurricane  2700  metres  in  a  luinuti.  I 
These  two  last  named  velocities  admit  of  comparison,  as  they  are 
expressed  in  the  same  units ;  thus  the  velocity  of  the  hurzicane  is 
45  times  as  great  as  that  of  an  ordinary  wind.  If  we  woM 
eomparethespeedofftmsn  with  the  velocity  of  the  hnirieaDe^  wt 
must  first  reduce  both  to  a  like  unit.  As  matter  is  inert,  a  body 
once  having  an  uniform  motion  would  continue  to  move  in  the  same 
direction,  and  with  the  same  velocity,  unless  a  second  force  were 
to  act  upon  it,  changing  its  direction  alonc^  or  its  velocity  akoM^  er 
both;  for  by  itsdf  a  body  can  change  nothmg  in  this  rapasl, 
either  with  regard  to  its  conditions  of  rest  or  motaon.  Tims  we 
are  to  understand  the  law  of  inertia,  and  not  as  the  older  philoso- 
phers, who  maintained,  that  matter  had  a  prevailing  tendency  to  rest. 
If  we  see  that  the  motion  o£  a  body  be  in  any  way  r.hange^  if  fsa 
instanccj  its  velocity  incieascs  or  diminiahesj  its  motion  coaas^  cr 
changes  its  direction^  then  must  this  change  abn^beooeaaiflani 
by  some  external  cause.  A  stone  thrown  towards  the  am  woeU 
continue  its  course  till  it  reached  tlie  sun,  were  it  not  prevented  by 
the  resistance  of  the  air^  and  by  the  force  of  gravity  drawing  it 
back  to  the  earth. 

Acceieraled  and  reiankd  motum. — A  constant  change  of  velocity 
can  only  be  eflSected  by  a  constantly  acting  Ibroe^  temed  mmk" 
mimg  or  retarding  according  as  it  augments  or  diminishes  modoB. 
If  at  any  moment  of  the  varying  motion,  all  the  accelerating  or 
retarding  forces  were  to  cease  to  act,  the  motion  would  become 
uniform  fkom  that  moment.  The  velocity  of  a  varying  motion  in  t 
given  moment  ia  determined  by  computing  how  far  the  bodj  wotM 
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iiKifTe  in  the  unit  of  time,  if  all  acceleration  and  retardation  were 
to  cease  from  the  said  moment. 

A  motion  is  termed  um^omdy  accelerated  or  tmtformiy  retarded, 
it'  the  velocity  meiease  or  dimhiiiih  eqoally  in  equal  timet, 
fikidb  motiooi  we  {Modneed  by  foreee  tetiiig^  continimHy  with  the 
MOM  inleiMity  n  ie  Hie  eaee  with  gravity.  A  heavy  hody  Mb 
\%^th  an  uuifonnly  accelerated  velocity.  If  we  set  out  with  the 
sii[i|>osition  that  the  intensity  of  gravity  is  the  same  at  the 
different  places  traveraed  by  the  faUing  body,  (and  experience 
justifiee  QB  in  this  aatomptimi  at  kaat  within  eertain  limitationa)^ 
all  bwBof  freefyMingbodiesmi^bedefdqpedhyaan^k  mode 
of  reasoning. 

As  gravity  acts  in  the  same  manner  at  every  moment  of  a  fall,  the 
velocity  of  the  falling  body  must  alao  increase  equally,  on  equal  terms, 
that  is  the  motion  must  be  a  unifemily  accderated  one.  U  the 
fiaUingbo^  attun,  intiiefirat  aeoondof  itadeseent,  avdk»etty  ff, 
it  muat  aftior  2,  3,  4 ...  #  seeonda  lum  attained  to  a  Tdoeity  <^ 
2  ^,  Sff,  4g  ,  ,  ,  t  ,  g ;  which  may  be  thus  generally  expressed  in 
words :  the  velocity  of  a  freely  falling  body  ig  always  proportionate 
to  the  Urn  ekg[ned  imitig  Hi  fall:  or  it  is 

it  9  reprcacni  the  Tdoeity  aeqo^ed  by  the  body  daring  its  MI  of 

/  seconds,  and  g  its  velocity  at  the  end  of  the  first  second. 

What  space  will,  therefore,  the  body  fall  through  in  1,  2,  3,  4 
.  •  •  •  /  seconds  ?  At  the  beginning  of  the  first  aeeond,  its  velocity 
is  eqpal  to  o;  at  the  end  of  the  same;,  it  ia  ^.  Aa  now  the 
fekicUy  incmaea  nnifinrmly,  the  space  fUlen  fluoiig^  in  one  second 
must  clearly  be  the  same  as  if  the  body  were  during  one  second 
moved  by  a  velocity  ranging;  half  way  between  the  beginning  and 
ending  velocity :  that  is  between  o  and  ^«  But  this  medium 
veloeity  ia  ^  and  a  hody  Mymg  during  one  aeeond  with  a  velocitir 
6i  ^g,  pasaea  over  a  apace  \  g. 

Xn  the  none  manner,  we  may  find  by  dednetkm  the  apace 
pas;>i  cl  through  by  a  body  falling  during  two  seconds.  The  starting 
velocity  is  o ;  the  dosing  velocity  2  ^ ;  the  medium  velocity  is 

consequently  ~  and  a  body  moving  during  two  seconds  with  thia 
v«kicity«paaaeathfoof^  a  apace  equal  to2wi  g« 

Inthveeaecoiidathebody  paaseathraiighaqpaceeqnalto  for 
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the  sterting  vdoatf  is    the  doong  v€locity  3    md  tlie 

velocity  is  oonsequently  equal  to3  ^}  and  a  body  must  moi?e  mi- 

formly  with  this  velocity  during  three  seconds,  if  it  traverse  the  aim 
space  through  which  a  heavy  body  will  fall  in  the  same  time. 
irill  CKpress  this  geaenlly.  If  a  body  fall  dniing  i  secoiida,  it  wmm 
tranrene  a  space  equal  to  what  it  would  have  done  during  the  warn 

time  with  an  uniform  motion,  if  its  velocity  were  a  medium  betwen 

o  and  g .  t,  that  is  ^  .  I.   But  a  body  moving  I  aeoooda  wkh  t 

velocity  equal  to^t  traverses  a  space 

or  expressed  verbally :  ihe  ^aces  described  are  proportionai  to  ike 
squares  of  the  times. 

BifcAnaaat,  however,  can  alone  prove  whether  these  premisei 
be  ooneet,  and  whetber  gravity  actually  be  an  uniformly  needs- 
rating  force.  This  question  cannot  be  direetly  solved,  sinee  tiv 
velocity  with  which  bodies  full  augments  so  rapidly,  that  after  iht 
first  few  moments  it  becomes  impossible  to  determine  acciiratclv 
the  apaces  passed  through  in  given  times.  But  akhongh  we 
cannot  find  this  by  direct  eqieriment,  we  mty  arrive  at  the 
result  by  indirect  means.  The  most  simple  inediod  is  GmBlet^s 
inclined  plane,  but  the  one  possessed  of  the  greatest  degree  of 
accuracy  is  Atwood*s  falling  machine. 

Gaiileo's  inclined  Plane. — Galileo  studied  the  laws  of  descent 

rolling  easily  moving  bodiea  down  an  inclined  plane.    To  folkw 

hia  eqierimentsy  it  is  best  to  make  use  of  a  canal  o£  wood,  steut 

10  or  12  feet  in  length  (Fig.  181)  polished  as  smoothly  as  |ios- 

,ai  siblc    in   the  interior, 

via.  lai. 

and  divided  into  feet 
and  inches.  The  canal 
muat  be  inelined  faj 
being  suppiurked  at  one 
end.  If  it  were  placed 
perfectly  horizontally,  a  ball  laid  uj)on  it  would  remain  at  rest, 
owing  to  its  gravity  being  entirely  counterpoised  by  the  resistanct 
of  its  horiiontal  si^iport.  If  the  canal  were  pheed  vertieaUyt 
the  ball  would  fell  freely  with  the  whole  force  of  its  gravity;  bat 
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Fio.  132. 


if  the  body  be  inclined,  the  force  of  gravity  will  be  diminished  in  a 
certam  fixed  relation.  It  foll(»\vs  from  the  principles  of  statics,  that 
we  obtain  the  amount  oi'  accelerating  force  urging  the  ball  down 
the  inclined  plane,  if  we  multiply  the  aeeeknfciiig  foioe  of  granrifty 
wtth  the  Miie  of  the  m§^  of  mrimetkin  of  the  plane.  Whatever 
nwy  be  the  rebtkm  in  whieh  e  fefee  m  diminiahed,  whether  it  he 
reduced  to  the  half,  the  third,  or  the  fourth  part  of  its  original 
amount,  the  absolute  amount  of  the  motion  produced  wiU  alone  be 
changed,  while  the  relatkma  of  the  spaces  travened  in  given  times 
will  leoiain  the  anne.  The  kwa  derived  from  eipmmwrta  with 
the  indined  plane^  are  thenHote  the  tmekwa  of  gravity.  If  we 
alip  a  ball  at  a  definite  moment  from  the  upper  end  of  the  canal, 
and  note  the  spaces  traversed  in  1,  2,  3,  seconds,  we  shall  tind  that 
the  spaces  are  as  the  squares  of  the  tinie  neoessaiy  to  tsaverse 
thoeeqpteea.  GmityiBy  therelore,raUyanimiibrmIyaee 
Ibroe* 

AiwooJFB  FUiing  MatAme  eonsists  essentially  of  a  pulley  revoly- 

ing  round  a  horizontal  axis,  and  fas- 
tened to  the  top  of  a  vertical  column, 
about  7  feet  in  height  (Fig.  182).  A 
string  is  shmg  over  the  pnllej  having 
equal  weights  m  at  its  eKtrsmitieB.  It 
we  attach  an  extra  weight  n  on  the 
one  side,  equilibrium  will  be  dis- 
turbed ;  the  weights  m  and  n  will  sink 
on  one  sid^  and  the  weight  m  on  the 
other  wiU  he  raised  np.  .  The  velocity 
wilih  which  this  takes  place  is  mndi 
less  considerable  than  in  a  free  fall, 
because  the  moving  force,  the  force  of 
gravity  of  the  eoto  weight  n,  has  not 
only  to  set  in  motion  the  mass  wt,  bat 
also  ike  mass  2  ai+fi. 

If,  for  example,  each  of  the  weights 
m  were  7  oz.  but  n  1  oz.  only,  the 
extra  weight  of  1  os.  would  have  to 
pot  a  mass  of  15  oe.  m  motion;  the 
motion  wiH  Mow  the  same  laws,  as 
in  a  free  fall,  with  this  difeenee 
only,  that  the  intensity  of  the  acce» 
leratmg  force  is  here  15  times  smaller. 
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If,  thmfoire,  t  freely  fdling  body^  tmene  15  ftet  of  spsoe  dumir 
the  first  second,  the  space  traversed  in  this  casc^  iu  the  first  second, 
will  be  only  1  foot. 

It  ii  easy  to  see  that  the  motion  will  be  slower,  the  iWiMilkar  the 
eztm  neic^t  »  ie  in  icktiop  to  »/  tnd  ire  vrnj,  ttentef^  Ipf 
proper  altrntions  in     make  iSbe  motion  u  dow  as  we  dioae. 

The  vertical  column  has  been  divided  into  feet^  for  ^be  greater 
convenience  of  measuring  the  spaces  of  falling.  The  upper  point 
is  the  zearo  of  the  acale.  Two  slides^  one  of  which  is  perfected 
em  be  aeenred  to  any  part  of  tlie  acale. 

It  18  neoeanqr  to  know  tlma  mndi  of  the  ayparatiMi  in  mdflrli 
nnderrtand  i3ktB  CKperimeBla*  In  tlie  Ant  place^  it  la  eaay  to  |neai, 
by  means  of  this  machine,  tliat  the  space  is  as  the  square  of  the 
time  of  falling.  Let  n  be  so  chosen  that  the  descent  in  the 
first  second  is  1  inch.  If  the  lower  end  of  the  weight  %  eanying 
the  eitra  weight  be  at  the  aero  point  of  the  acak^  the  mif^  w9 
beaktheflmtmafkbdvirawi^  intfie  eooraa  of  one  aeeond  flam 
liie  time  of  the  atwnawMieement  of  motion* 

If  the  space  traversed  during  the  first  second  of  falUnsr  be 
1  inchj  it  must  be  4  inches  during  the  two  first  seconds  j  if, 
therefore,  we  move  the  slide  to  4  inches  below  zero^  the  weight 
that  heffOi  ks  motkm  at  the  point  aero,  will  atrike  at  the  end  d 
two  aeeondk 

If  we  let  the  motion  always  begin  from  the  same  point  of  the  scale, 
viz.  from  zero,  the  slide  must  be  fixed  at  9,  16,  25,  36,  49,  64 
inches  below  that  point,  if  the  weight  is  to  strike  in  3,  4,  5,  6, 
7,  B  seconds.  This  experiment  Mty  oonftnna  the  law,  that  the 
spaeea  trsretaed  in  iGyiing  are  as  the  sqoares  of  the  time  ef 
ftffing. 

We  have  shown  above  that  this  law  follows  from  the  Uissump- 
tion  that  the  velocity  is  proportionate  to  the  time  of  falling.  The 
tiuth  of  the  inference  proves  also  indirectly  the  correctness  of  the 
aasomption.  The  ralation  anitiqg  between  the  time  of  fiiUii^ 
and  ^ttb  fsloaitf  of  the  body  at  any  given  moment  eamtot  be 
Meetly  ascertained  either  in  a  free  descent,  or  by  means  of  the 
inclined  plane,  since  in  order  to  obtain  this  result,  it  would  be 
necessary  that  the  velocity  of  the  body  should  not  increase  from 
that  nwiment,  eonsaqpantly  we  must  be  able  suddenly  to  dealiegr 
aetion  of  gnc?  ity  en  tiba  body.  By  meana  of  the  ftlHng- 
waehina,  we  mi^  amal  iih%  aeoelerating  fcree  at  any  moment 
The  BCCekrating  force  is  only  the  gravity  of  the  cjitra  weight  s . 
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if  now  we  gife  to  the  exeen  of  wei^  III  the  km.  xcpfeteiited  at 
Mb  lis.  Kg- 188^  we  may  amat  it  hj  maaa  of  the  peiteaAed 
ca^ata  sHdo  at  any  moment^  while  the  mass  m  contmiies  to 

2=0=1  progress  with  uniform  velocity  from  the  time  it  ceased  to 
be  acted  upon  by  an  accelerating  force.  We  may^  thereforei  by 
hekp  of  this  contrifinee  detormme  dinetly  tlie  velocii^  at  anj  oob 
moment  by  the  apaee  tiifegaed  m  the  nert 

We  have  aeen  thet  if  ^  be  the  ▼eloalty  of  thebody  attheendof 
the  rirst  second  of  fallings  the  space  traversed  in  the  same  period 
of  time  will  be  ^  p.  If  now  we  have  so  arranged,  that  1  inch  is 
traversed  in  the  first  second,  the  closing  velocity  of  the  fint  second 
wiUbedindM^  that  if  at  the  ehioa  of  the  fint  aeaond  the 
aoederating  foiee  oeaae  to  aet^  the  body  will  trmxae  in  the  next 
second  a  ipace  of  2  inches  with  uniform  velocity. 

It  is  easy  to  demonstrate  that  this  relation  actually  exists 
between  the  time  and  velocity  of  £aUing.  Let  U8>  for  instance,  so 
plaee  the  weighta  ei-hii  befiom  motioB  bcigiiii^  that  the  under 
■atftMof  wmagratBiidat  imiqpoiithenelei  the  perfbratod  ahde 
wraat  ilio  be  ao  amnged  that  tta  upper  maakM  atmd  at  1  indii 
and  the  lower  slide  so  that  its  upper  surface  may  be  as  much 
below  the  mark,  3  inches,  as  the  height  of  the  weight  m  requires. 
If  now  we  start  the  weighta  at  a  definite  moment^  the  extca 
m^gbX  will  atrike  in  1  second^  and  the  wei|^t  ei  in  2  aeeonda. 
Tke  upper  point  of 

space  from  lero  to  1  with  accelerated  velocity  in  the  first  second, 
and  has  passed  in  the  next  second  from  1  to  3  with  an  uniform 
degree  of  velocity. 

That  the  velocity  is  really  uniform  after  the  remofal  of  the 
coEfere  WQi^  we  aee  from  thia,  that  if  without  altering  at^fliiiig 
dee  we  lower  the  aUde  2,  4,  6,  8,  or  10  indiea;  the  eontaet  oeemra 
1,  2,  3,  4,  or  5  seconds  later ;  consequently  that  a  space  of 
5J  inches  is  traversed  in  every  succeeding  second. 

If  we  had  ao  ananged  the  extra  weight  n  that  2,  3,  4,  5,  kc. 
mehem  were  timned  in  the  fint  aecond,  a  qiaee  oi  4,  6,  10, 
to^  imhea  woidd  be  peaaed  over,  pnmded  we  leuMwed  the  extra 
weight  at  the  end  of  the  first  second. 

"We  have  assumed  above  that  if  the  velocity  be  [/  at  the  end  of 
the  first  second,  the  closiug  velocity  in  2^  8,  4  seconds  will  be 
3  #9  4^.  Bi^eriment  fully  eonfena  this.   If  we  again  awwmej 
Hint  tfie  eitra  weight  n  be  ao  amngedi  that  in  the  Ant  aoeaiid 
1  inA  wiB  be  tia¥amed,  end  eonieqp«i%  in  fee  next  two  aecanday 
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4iiidbeSy  there  will  be  a  tpeoe  of  4  indies  pMed  ofer  in  earii 

gncaseding  aeeond,  provided  we  take  off  Hbe  estm  frngbt  al  the 
elose  of  two  seconds ;  if  we  did  not  take  off  the  «rtra  weight  l>ef<>rp 
the  close  of  the  3rd  aad  4thL  second,  that  is  when  a  space  of  9,  « 
16  ioohes  had  been  passed  over^  the  motion  would  oootiniie  fnm 
ihit  time  with  an  lu^fonn  vdoeity  of  6  or  8  indies. 

In  a  free  ftll  the  yaliiB  of  p  may  be  taken  at  aomewhM 
more  than  80  feet.  When  we  come  to  sj)cak  of  the  pendulum,  we 
will  p:ive  a  more  accurate  estimate  of  its  value.  In  a  frw  tall, 
theretbre,  according  to  the  above  proved  laws,  the  space  pa^iaed 
over  in  the  fintseccmdc^' filling  mnst  be  about  16  Paris  feet,  wkfle 
in  2^  8,  or  4  seeonds,  it  mnst  amoont  to  60,  186,  240,  &e. 

CfaSleo  himfldf  made  experiments  regarding  the  ftee  deaeent  ef 
bodies,  which  were  subsequently  repeated  by  Riccioli  and  Grvnaidi 
from  the  Tower  Degli  Astnelli  in  Bologna ;  Dechalles  has,  however, 
made  the  most  accurate  experiments  on  the  subject.  The  Qbsariui 
spaees  throng  which  bodies  £sll  are  ahrays  smaller  than  wc 
might  be  led  to  expect  fWnn  theory.  This  diftrenee  d^Mndi, 
however,  solely  upon  the  resistance  of  the  air,  which  increases 
as  the  square  of  the  velocity.  In  the  falling  machine,  and 
the  falling-caoal,  the  reaistaaoe  of  the  air  does  not  infiueooe  the 
results. 

■  It  is  frequently  important  to  be  able  to  compute  directly  the 
velocity  oomsponding  to  given  heights  of  descent.   A  formuls, 

accordmg  to  which  this  calculatiuu  may  be  made,  is  obtained  from  the 

following  equations  v^g^t  and  #  =s  2       By  the  eliminatiwi 
of /we  find  that 

The  velocities  are,  therefore,  as  the  square  roots  of  the  space*. 
If  for  instance,  a  body  had  I'allcn  from  a  hciirht  of  100  feet,  it> 
velocity  would  be,  according  to  this  iurmula,  as  follows :  v  s= 
VTioToo  s=s  77,4.  .leet  (without  taking  into  aceoont  the  reaiataBBc 
of  the  air). 

When  a  body  is  projected  by  any  force  vertically  upwards,  { 

it  ascends  with  decreasing  velocity;  after  a  time  its  upward  I 
motion  ceases,  and  it  then  begins  to  fall.  The  laws  of  this 
motion  follow  immediately  from  the  foregoing.  Suppose  a 
body  to  be  thrown  upward  with  a  vdocity  of  160  feet,  it  would 
ascend  160  fiset  in  every  second,  provided  gravity  ensrdacd  no 
influence  upon  it.    But  as  gravity  imparts  to  a  falling  body  in 
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1,  2,  8,  4,  5  seconds,  a  velocity  of  30,  60,  90,  120,  150  feet, 
|DppoMd  to  the  dinetioii  of  the  upirard  motkm,  it  k  evident  that 
Uhe  veloeity  of  the  aaeending  body  is  at  the  end  of  the  let  aeeond 

150 —  30  =  120  feet;  at  the  close  of  2  seconds  this  velocity  is 
150  — 60  =  90  feet ;  at  the  close  of  3  seconds  150  —  90=60 
i'tvt ;  in  4  seconds  150 —  120  =  30  feet;  audtinaiiy  at  the  end  of 
the  5th  second  150  — 150 as  0;  and  now  eonseqnently  the  body 
b^gms  to  foU.  We  hs^re  hm  an  flhutration  of  an  nnifonnly 
retwdsd  motion,  for  Hie  Teloeity  of  the  ascending  body  diminishes 

about  the  same  in  every  second,  viz.  about  30  feet. 

Let  us  put  this  in  general  terms.  If  n  be  the  velocity  at  the 
beginning  of  the  ascent,  the  velocity  of  the  body  will  aflker  t  seconds 
be 

The  body  ceases  to  ascend,  when  n^s  gt,  that  is,  when  the 
\  fkKrity  acquired  in  tailing  during  /  seconds  is  equal  to  the  velocity, 
with  which  the  body  began  to  ascend. 

The  time  leqoifed  by  the  body  to  reach  the  highest  point  of  its 
covDae^  IS 

Let  us  now  endeavour  to  ascertain  the  lieight  attauicd  by  an 
ascending  body  in  a  given  time.  According  to  the  above  given 
illmtntion,  the  body  wonld  hare  attained  a  hei^^t  of  150,  800, 
460,  fte.,  ftet,  1,  2,  9,  fte.,  seconds,  provided  gravity  had  not 
drawn  it  down.  But  as  we  have  seen,  gravity  draws  it  down  15 
I'cct  in  1  second;  4  .  15  =  60  feet  in  2  seconds;  and  9.  15  = 
1 35  feet  in  3  seconds.  The  height  at  the  end  of  1  second  is, 
theref<Mre,  150  —  15  =  185  feet ;  at  the  end  of  2  and  3  seconds, 
800  —  eO=;  240  feet,  and  450— 185  =  815  fe^  In  5  seconds 
it  would  have  readied  a  height  of  760  feet,  bat  being  drawn  down 
1  X  5*  =  875  feet  by  the  force  of  gravity,  it  is  actually  at  an 
tjlevatiun  of  750  —  375  =  375  feet,  and  now  begins  again  to  tall. 

liet  OS  consider  this  more  generally.  In  /  seconds  the  body 
woqU  aseend  to  the  height  n  t,  owing  to  its  original  velocity  n; 

but  having  been  drawn  down  ^     by  gravity,  its  actual  height  is 

2 

The  body  ascends  as  long  as  ti  /  is  greater  than  ^  t . 
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As  the  higliest  point  of  its  course  is  attained  wben  /  » 

y 


we  find  the  elevation  of  the  body  at  this  moment^  if  in  the  above 
given  fonnda  for  A»  we  substitute  this  value  in  plsee  of  i;  we 
then  have 

^  

But  in  -  seoonds  a  body^  falling  free^  traverses  a  spaoe 
9 

g   V? 

Hence  it  Mows  that  the  boify  lequiies  eiactly  as  much  time  to 

ftill  as  to  rise. 

Let  us  seek  the  velocity  with  which  the  falling  body  regains  the 
point  fxom  whence  it  bc^;an  its  ft^»<^»"g  motion.   We  shall  find 


it  from  the  formula  v  ^  g  t;  but  as  the  time  of  falling  /  =  — 

9 


it  follows  that  v^n,  that  is  the  boig  mm  imm  wiik  the 
vdoeUf  with  whith  it  began  to  rue;  or,  m  order  to  mpd  a  bodg 

vertically  to  a  height  h,  we  must  tmpart  to  it  an  initial  velocity, 
exactly  as  great  as  tliat  acquired  by  it,  in  its  free  fall  from  tlte 
height  h. 

Projectiles. — If  a  body  be  thrown  in  any  other  than  a  vertical 
diieetion,  it  will  describe  a  curved  line^  the  form  of  which  may  be 
134.  easily  deduoed  fimm  the  laws  of  £dliQg. 

Let  us  assume  the  simplest  esse,  iae 
instance,  that  the  body  be  impelled  by 
any  force  in  an  horizontal  direction. 
If  there  were  no  such  force  as  gravity, 
the  body  would  continually  move  in  an 
horiiontal  direction,  and  with  an  oni^ 
form  velocity. 

By  reason  of  the  first  impelling  force, 
it  would  traverse  the  space  a  b  in  1 
second,  the  equally  large  space  A  c  in 
2  seconds,  and  so  on,  and  must  conse- 
quently at  the  end  of  the  1st,  2nd,  3rd, 
Sdc,,  second,  have  reached  the  points  S, 
e,  d,  &c.  But  it  has  sunk  from  the 
force  of  gravity ;  in  the  first  second  it  fell  15  foet,  consequently 
at  the  end  of  that  time  instead  of  being  at  b,  it  will  be  15  feet 
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L> clow  it.  At  the  end  of  the  next  second,  it  is  CO  feet  below  c  ; 
^'t  the  end  of  the  third,  135  feet  below  dy  kc.  The  curved  line 
jL/escribed  by  tbe  body  in  this  manner,  is  a  parabola. 

If  an  impnlM  be  §;iven  in  joqr  other  dinction,  ihe  ecme 
diacribed  may  in  like  maimer  be  obtained  by  conatnicfciioih 

The  eoforie  described  by  a  projected  body  yariea  in  eooaeqnenee 
of  the  resistance  of  the  air  from  a  true  paraljola. 

Central  motion. — We  must  now  consider  motions  produced  by 
gpravity,  where  the  directiona  id  the  force  of  gravitation  in  varioua 
pointa  of  the  course  are  no  longer  parallel.  Motions  such  aa  these 
ave  dbsenred  in  the  le^lntioii  of  Ae  moon  round  the  earth,  and 
€>£  the  planets  round  the  sun. 

If  we  suppose  the  point  a  (Fig.  135),  to  have  received  an 
no.  13ft.         impulse  in  the  direction  a  b  from  any  momcn- 
2  •  taiily  acting  force  at  the  beginning  ol  its 

^^^Q^^^         ooorse,  while  it  is  driven  towards  the  pomt  m 
*      7  ^^Sit        ^  *  constantly  acting  force  of  attraction,  it 
/    /"^^^^     ^^11  neither  move  in  the  directions  a  b  nor 
/    /  \  ^  ^  another  direction  a  d,  which  may 

/  /  be  ascertained  by  the  law  of  the  parallelogram 

yv>^  of  foroes.  In  order  to  make  the  eonsidmtbn 

more  simple,  we  will  assome  that  the  con- 
stantly attracting  force  directed  towards  m,  acts  by  impulses  at  short 
intervals,  and  this  will  be  found  the  more  nearly  to  approach  the 
truths  the  smaller  we  imagine  these  intervals  to  be.  If  the  laterally 
direeted  impulse  ahme  wmild  drive  the  material  point  in  a  short 
space  of  time  i  from  a  to  5,  and  the  attracting  force,  acting  alone 
would  urge  it  in  the  same  time  to  c,  it  would  move  under  the 
infliU'Hce  of  both  forces  in  the  instant  of  time  /,  from  a  to  d.  Arrived 
at  d,  it  would  move  further  in  the  direction  d  e,  and  in  the  time 
i,  the  space  d  £  would  be  exactly  as  great  as  a  <^  if  the  attracting 
fixree  did  not  act  again  in  such  a  manner^  as  if  the  Ikm^  had 
reeei^ed  an  impulse  in  d,  which  acting  alone  would  have  led  it  in 
the  time  t  from  d  to  /.  By  this  second  action  of  the  attracting 
force^  the  body  is  agam  turned  from  the  direction  d  e,  and  urged 
toy. 

Wram,  this  we  can  easily  understand,  that  if  the  body  have 
reeeifed  at  a  lateraDy  direeted  impulse,  while  the  attracting 
force  acts  at  small  intervals,  it  must  describe  a  polygon,  which 
;i|>|>r(>a(hes  more  nearly  to  a  curved  lint!  in  proportion  to  the 
^^ni^llnRiM  of  the  intervals.    When  the  attracting  force  constantly 

K 
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acts  as  it  does  in  nature,  the  course  will  truly  be  •  eui««d  Vmt, 

the  nature  of  which  will  dcpeud  upon  the  relation  of  the  induencmg 
forces. 

The  Ibfce  that  constantly  nigw  a  body  tomaidi  a  eentnl  pfiiot 
of  lAtadkNi,  u  duMgnrtfid  tiie  cmUripeM  toee.  If  «t  my  mmmk^ 
the  eentripcfaJ  fem  were  to  eeaie  acting,  die  body  wooM  hm 

that  instant  continue  to  move  in  the  direction  of  a  tangent^  aui 
the  force  thus  acting  is  named  the  tangential  force. 

The  figure  deecribed  by  the  course  of  a  body  will  be  a  circle,  a 
t^Hrrt  iHw?iTffJittg  to  IJm  idatMn  lMiinii«i  iJie  ttut&tttiU  ai 
tmUripeUH  fbreee. 

Let  us  seek  to  determine  the  amount  of  the  centripetal  force, 
that  urges  the  moon  in  its  motion  round  the  earth  to\rardj  tk 
oentral  point  of  the  latter.  The  earth's  drcumferenoeia  40  milliaiii 
of  metree;  bat  ae  the  mdiiie  of  the  moon's orlMt is  eqpud  U»  60; 
of  tbe  enth,  the  eneomfaenee  of  the  hmoii'b  oilut  is  2400 
metres*  This  eoorte  it  tiavcgses  in  97  days^  7  hoony  48  minatei> 
or  what  ia  the  same  thing  in  89,343  minutes.     In  every  minute, 

ibenme,  the  moon  passes  over  a  space  of  — ^34^3 — =vljQw 

metas.    Kg*  186  rqpsaents  the  are  «  ^  of  61^000  mdia^ 
no.  IM.         tra?ersed  by  the  moon  in  oneminnte;  m€% 

therefore,  the  amount  of  space  throusrh 
which  the  moon  would  approach  the  earth  m 
one  minute  hy  the  force  of  £;r&vity^  if  the 
action  of  the  tangential  teee  were  anddniiy 
deshfoyedi 

We  may  compute  the  magnitude  of  the 
distance  a  c,  by  assuming  that  the  arc  a  b  i* 
a  straight  line  fxosa  which  it  actually  de¥iatC8 
bat  sUf^tly:  a  611  is  then  a  right  ang^ 
triiOii^ey  6  c  is  a  perpcndieahar  lei  Ml  hm  \ 
the  right  angle  upon  the  h3^potheBnse ;  sai 
under  such  circunistances,  in  accordance  wiA 
a  known  proposition  of  geometry,  a  b  ist 
mean  proportional  between  a  e  and  a  s. 
eonseqnendy 
aj^saexaa 


and  hence 


a  c=  —  • 
«a 
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Nour  we  bave  Men  tlmt  a  A  ss  61000" ;  Imt  a  n  the  radius  of  the 

moon's  orbit  is  763,950,000".  If  wc  put  this  value  iu  the  place  of 
a  b  and  a  n  mto  the  last  equation,  we  have 

<i  c  =  4,87" 

tihat  i%  we  find  the  attaractioii  of  the  moon  towards  the  earth 
amomite  to  4,87  metres  in  a  vmniteL 

But  what  is  the  force  producing  tliis  action  ?  Is  it  the  same 
force  that  makes  the  stone  fall  to  the  earth  ?  If  wc  assume  that 
the  force  of  gravity  obamed  upoa  the  surface  of  the  earthy  extends 
its  infiqfwee  bejond  oor  gtaoiphcwB»  aeling  even  on  the  moon^ 
we  ean  eaaOy  eomprehend  thai  ka  intouity  mnut  diminish  with 
tte  distance  from  the  earth.  By  a  simple  mode  of  deduction^ 
which  we  shall  consider  more  attentively  when  we  treat  of  light, 
wc  find  that  the  intensity  of  all  actions  emanating  from  one  point 
stands  in  an  inverse  relation  to  the  squares  of  the  distance.  Con- 
seqofl&tly  at  donbley  triple,  quadruple  the  distance  ftom  flie  eartt's 
MBlie,  the  intnsity  of  the  ftm  of  graviftjp  will  be  diminished 
1,  9,  16  times. 

At  the  moon  it  is,  therefore,  60^  or  3600  times  weaker  than  at 
the  surface  of  the  earth,  because  the  moon  is  removed  60  times 
iarther  from  the  earth^a  centre.  If  aoc(»ding  to  this||  the  space  fallen 
throa§^  in  the  first  second  on  the  earth's  snr&ce  were  ^9  metres^ 

space  Mien  thrmigh  by  the  moon  towards  the  esrth  in  one  second 
4-  9 

would  be  ^  metres,  and  conaeqoentfy  in  a  minute,  that  is  sixty 

4  9 

seconds,  it  would  be       .  60^  =  4,9  metres.    That  is  the  space 

l>y  which  the  moon  approaAes  the<esrtli  in  one  minute  must  be  as 

grt  at  as  the  space  fallen  through  iu  die  first  second  of  fall  upon  the 
earth's  surface. 

If  we  compare  the  space,  viz.  4,9  metres,  calculated  for  the  fall 
of  the  moon  towards  the  earth  in  w  minute,  with  the  4,87 
■ietiesdedtteedfiBom  aatronomical  observatioBS,  we  shaU  really  only 
find  a  very  small  difierence,  which  would  wholly  disappear  if  we 

had  not  for  the  sake  of  the  simpler  computation,  taken  only 
approximating  valves  into  consideration.  Thus  we  have  entirely 
neglected  the  seconds  in  giving  the  time  of  the  moon's  revolution, 
nd  have  assnmed  the  distence  of  the  moon  firom  the  earth  to  be 
quel  tofiO,  although  it  really  is  60,16  radii  of  the  earth.  . 

In  this  manner  the  motion  of  the  [)lanets  round  the  sun  may  also 
he  explained,  and  it  is  thus  one  and  the  same  force  that  urges  the 

K  2 
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•tone  to  tlie  earth,  end  ecting  through  the  whole  epece  of  the 

heavens,  maintains  the  hannony  of  our  planetary  system. 

For  the  knowledge  of  this  vast  law  of  general  gravity,  we  are 
indebted  to  the  penetration  and  the  unwear)'ing  induatzy  di 
Newton,  Had  he  done  nothing  mate,  thia  amgk  diaoQifecy  nooU 
have  aoiBeed  to  inmiortaliae  hia  name. 

In  the  same  manner  in  whieh  we  hate  dev^doped  the  amomit  d 
the  centripetal  force  in  the  motion  of  the  moon,  wc  rnav  AsO 
obtain  a  general  expression  for  these  forces.  Let  us  assume,  as  a 
measure  of  the  centripetal  force,  the  space  a  c,  through  which  the 
hod^  in  ita  eantral  motum,  in  a  unit  o£  time^  willhe  urged  ioavaidi 
the  eentie  of  attraction,  and  let  na  designate  it  by  p,  then  aa  hai 

heen  akeady  proved  p  =  — •  Now  the  are  «  6  ia  that  which  the 

body  actnally  deaeribea  in  the  unit  of  tune,  therefore,  a  6  s  —j-^ 

ifr  betheradioaoftheqihericalorbity  and  ^  deaignate  the  toneof 
revolution.   Further  « ii  is  the  diameter  of  thia  orhit,  and  eonaa- 

quently  equals  2  r.    If  we  substitute  these  values  of  a  b  aud  a  a 

in  the  above  equation,  we  dud  that 

2  n'r 
P  =  —fi — 

That  ia  to  aay :  if  two  hodiea  move  in  diffisrent  orhitay  and  witt 

different  times  of  revolution,  the  centripetal  foreee  wiU  be  om  the 
radius  of  the  circles  described,  aiid  inversely  as  tlie  squares  of  tkt 
times  of  revolution. 

If  a  small  sphere  which  we  must  suppose  devoid  of  wei^t  be 
ftatened  totheendof  aatringat  HI,  and  turned  round  the  point  c, 
Fio.  137.         io  that  it  deseribes  a  circle  round  the  eentre 
.....^  c,  the  strinc:  will  constantly  \\a\  v  to  sustaii> 

a  tension  increasing;  with  the   spt  od  of  the 
\    revolution.    If,  at  any  moment,  the  stnng 
^  wereaevered,  the  ball  inatead  ofnaMmngsa 
/  in  a  cirele,  would  hy  leaaon  of  ita  inertia  if 
/    off  at  a  tangent  from  its  former  path. 

The  cause  of  the  tension  sustained  by  the 
string  IS  designated  centrifugal  force. 
But  as  the  resistance  of  the  string  produces  the  same  effect  v 
the  centripetal  force  considered  under  the  head  of  central  raotioD. 
it  is  clear  that  the  centrifugal  force  is  equal,  and  opposed  to  tbr 
centripetal  force,  and  that  all  that  has  been  said  of  the  latter 
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applies  equally  to  the  former^  that  is^  that  the  centrifugal  force 
increases  in  the  ratio  of  the  radius  of  the  orbity  and  inversdiy  to  the 
aqiuure  of  the  period  of  revohition.  As  a  matter  of  course  the 
tourion  of  the  string,  and  consequently  the  centrifugal  force  must 
be  proportional  to  the  revolvinp:  mass. 

Centrifugal  foree  prevails  wherever  there  is  a  rotation  round  a 
fixed  axis,  and  the  separate  particles  are  prevented  in  any  way 
deriating  from  this  axis.  Such  a  centrifugal  force  mustj  therefore^ 
be  occasioned  by  the  rotation  of  the  earth  round  its  axis.  As  the 
time  of  rotation  is  the  same  for  all  points  of  the  earth,  while  the 
different  j)oints  are  not  (  ([ui-distant  from  the  axis  of  rotation,  it  is 
clear  that  this  ccntrilugal  force  is  not  equal  upon  the  earth's 
sorftee,  but  must  be  as  the  distances  from  the  earth's  axis; 
consequently,  it  is  at  its  minimum  at  the  poles^  and  at  its  maximum 
at  the  equator. 

This  centrifugal  force  which  is  greatest  at  the  equator,  and  dimi- 
nishes as  it  approaches  the  poles,  acts  against  gra\  ity,  and  lessens 
its  intensity.  We  may  easily  compute  the  amount  of  velocity  with 
which  the  earth  must  rotate  on  its  axis,  in  order  that  the  centrifugal 
force  engcndeved  at  the  equator  may  fully  counteract  the  eflfeet 
of  gravity. 

The  appai'atus  represented  at  Fig.  138,  is  particulaily  well 

calculated  for  eisperiments 
concerning  the  centrifugal 
force.  We  will^  however, 
limit  ourselves  to  one  expe- 
riment, explaining  the  flat- 
tening of  the  earth  at  the 
poles. 

By  help  of  the  handle  m, 
the  horisontal  dise  bdow  it 

made  to   revolve.  The 


Fio.  138. 


IS 


rotation  of  the  disc  is  trans- 
mitted by  the  thread  d  to  another  disc  of  a  smaller  radius.  I 
will  of  course  be  evident  that  the  smaller  disc  must  make  more 
revohtions  than  the  larger  one  in  the  same  period  of  time,  these 
bearing  the  same  relation  to  eaeh  other  as  the  radii  of  the  two 
discs.  The  vertical  axis  c  fastened  in  the  middle  of  the  smaller 
disc  turns  with  it.  A  spring  a  b  fastened  by  its  lower  end  to  the 
asdsy  but  admitting  of  its  other  extremity  being  freely  moved  up 
and  down,  and  which  in  a  state  of  rest  forms  a  spherical  figure. 
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will  by  rapid  fevoliitioii  aatmne  an  elliptical  form,  ^  ^ 

rtrifii^l  force  acting  with  the  greatest  intensity  upon  tksi 
j)oints  oi"  till'  spring  that  are  the  furthest  removed  from  the  axis. 
0/  the  Pendulum, — The  oonunon  pendulum  consists  of  a  bean 

ball  iiwpfriHkMl  to  the  endofaies- 
bk  thread.   If  we  diatmb  the  dpoB- 
brium  of  the  pendulum^  that  is  if  w 
remove  it  from  its  vertical  |>osiri'»r 
it  will^  when  left  to  itaelf  and  withott 
reeoving  any  impolae,  eontuiiK  to 
oatillate  in  a  yertkal  plaiie.   If  vr 
bring  the  pendnlmn  into  tbe  poatia 
/  a,  the  ball  will  describe-  an  arc  a  i 
reaching  /  with  such  velocity  a:$  to  be 
carried  forward  as  high  aa  ^  en  tke 
that  ia  to  aay  to  the  elevation  of  the  point  m;  Cram  i, 
the  pendnhim  again  trafenes  in  a  reversed  direction  the  are  h 
and  in  this  manner  contimus  its  oscillations.    The  velocity  of  th 
pendulum  constantly  increases  with  its  descent  and  diiniiiisbes  wid 
its  ascent;  at  the  moment^  therefore,  in  which  the  pendoluB 
passes  the  point  of  equilibriom  it  has  attained  its  greateat  vdocirf . 

The  motion  firom  a  to  5,  or  from  £  to  «  is  termed  an  tmeUkHmj 
from  to  /  is  a  semi-descending  oscillation,  from  /  to  6  a  «eim- 
ascending  oscillation. 

The  ampUiude  of  an  oscillation  is  the  magnitude  of  the  are  a  b 
expressed  in  degrees,  minutes,  and  seconds. 

Hie  Hm  of  an  oeeiBation  is  the  time  necessary  for  the  pendnhn 
to  traverve  this  are. 

At  the  first  glance  we  might  conchide  from  this  experiment  that 
the  motions  of  a  pendulum  must  always  continue,  for  il'  startuur 
firom  a  it  be  borne  np  to  an  equal  hdght  6  on  the  other  sidr, 
it  must,  starting  from  b  also  ascend  to  a,  and  thus  eontanie  fkt 
same  course,  a  aeeond,  third,  and  fourth  time,  and  thua  on  te 
eternity. 

This  deduction  would  be  perfectly  correct,  if  b  were  abaoluteiv 
at  an  equal  elevation  with  a ;  but  the  friction  at  the  point  of 
suap^isiony^  and  the  resistance  of  the  air  that  must  be  dinphnf^ 
by  the  ball,  binder  tbe  latter  from  ascending  exactly  to  the  esmr 

height  from  which  it  descended.  This  difference  becomes  onlv 
appreciable  after  a  scries  of  oscillations,  and  instead  ol  wondenng 
that  the  motion  does  not  continue  for  ever,  we  ought  rather  to  br 
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flwprbed  diit  k  laiU  80  loDg^  fbr  a  jpenddi^ 

for  hours  together. 

Laws  of  the  oscillations  of  the  Penxtulum. — The  laws  of  the 
oecillations  of  simple  pendulums,  are  as  follows : 

1.  The  dnratiim  of  the  oscOlatm  is  mdependeat  of  tlie  weight 
of  the  Ml  aiid  the  nalore  of  its  fobfltanoe. 

To  prove  this,  we  must  construct  several  pendnlumt  of  eqooi 
length,  the  ball  one  beiiiG:  of  metal,  of  another  wax,  of  a  third 
wood,  and  we  shall  then  lind  that  all  liave  equal  durations  ot 
otcillatkMii* 

Wlken  grmyity  makes  a  pendofaim  OMfflate,  it  acts  upon  emy 
atom  of  the  matter  eomposing  the  ball ;  eadi  atom  of  the  ball  u 

acted  upon  by  its  own  gravity,  and  consequently  an  increase  of  the 
atoms  can  have  no  iuduence  on  the  velocity  of  the  oscillations.  If 
we  ooald  suspend  a  single  atom  of  iron  to  a  thread  devoid  of  weight, 
it  muat  oacilhte  jmA  as  fast  as  if  we  attadied  to  it  two  or  thiee 
atoms,  or  o¥Wi  a  iFOiL  Gfwityy  however^  might  act  other* 

wise  upon  a  molecule  of  wax  than  u]>on  a  molecule  of  iron. 
That  it  docs  not  do  so,  that  gravity  acts  alike  on  a  molecule  of 
goidy  platinum,  wai^  iron,  &c.,  is  proved  by  the  experiment  with 
the  peiidalom.  The  already  meatkmed  experiment  on  falling  in 
a  sieaimi  is  but  a  rough  illustration  of  the  fisct,  as  we  have  only 
to  observe  the  action  of  gravity  daring  an  extremely  short  period 
of  time.  The  pendulum,  however,  enables  us  to  watch  the  influence 
of  gravity  upon  different  bodies  during  many  hours  together. 

2.  The  duration  of  small  oscillations  of  the  same  pendulum  is 
indqpeadait  of  their  magmtode*  If,  for  cnmp^  a  pendolom 
vibrates  4--5^  the  duration  of  the  oscillation  is  the  same  as  if  it 
vibrated  only  1". 

This  law  may  be  thus  developed.    If  the  angle  of  deviation  be 

not  too  large,  the  inclination  of  the 
oomae  towards  the  horiwm  will  be  pro- 
portionate to  tiie  distanee  from  the 
point  of  equilibrium.  If  we  suppose  a 
tangent  drawn  at  c  to  the  arc  of  the 
circle^  it  will  form  an  angle  with  the 
horiaon  twiee  aa  gmt  as  the  sngle  made 
wi&  the  horiion  by  the  tangent  at  e', 
provided  the  arc  a  be  half  as  great  as 
^  the  arc  c If,  therefore,  the  ])endn- 
lum  begm  its  motion  at     the  acce- 
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krating  foree  it  twiee  as  great  as  wlieii  it  begins  its  deaoeot  bm 

e* ;  the  arc  c  d  w  liich  \vc  will  assume  to  be  so  siiuiU  that  it  may  be 
considered  a  straight  line,  and  the  arc  c' d'  only  half  the  size,  will, 
therefore,  be  travened  in  an  equal  period  of  time,  if  motion  be^ 
at  one  time  in  e,  and  at  another  in 

'  If  we  suppose  two  equal  pendulums  sospended  to  an  azia^  Ac 

uiic  niiscd  to  c,  the  other  to  &,  aiitl  both  going  off  sinmltancofOslT, 
they  will  reaeh  the  points  d,  and  d'  at  the  sanjc  time.  But  xh 
accelerating  force  9i  dis  twice  as  great  as  that  at  d\  beaidea  whick 
the  pendulum  reaches  a  point  d  with  twice  as  great  m  vdocity  ss 
that  witili  whidi  the  other  passes  the  point  df,  and  henee  it  foUoai^ 
that  also  in  the  next  short  interval  of  time,  the  one  pendulum  wiD 
have  traversed  tuiee  as  nnieh  spaee  as  the  other.  By  pursuiuj 
this  mode  of  deduction,  wc  at  last  iind  that  both  pendulums  must 
arrive  simultaneously  at  a. 

This  reasoning  may  also  be  applied  if  the  rdation  of  tk 
angle  of  deviation  be  not  exactly  between  1 — flP,  since  the  sees- 
Icratiiii^  force  is  always  proj)ortionatc  to  the  distance  IVuiu  iIk 
position  of  equilibrium  for  small  angles  of  deviation;  and  thus  it 
may  generally  be  proved,  that  within  certain  limits  the  deviation 
of  the  osdUation  is  independent  of  the  magnitude  of  the  an^  fif 
deviation. 

In  order  to  contirin  tliis  law  by  experiment,  we  ninst  acciiratrff 
determine  the  time  necessary  for  a  pendulum  to  make  sevenii 
bundled  oscillations^ 

If  this  observa^on  be  made  at  the  beginning  of  the  motim, 
when  the  amplitude  is  4—5^,  subsequently  when  it  only  amoianls 
to  2 — 3® ;  and  lastly  when  the  oscillations  have  become  so 
small  as  to  require  the  aid  of  the  lens  for  detecting  tlieiii,  we 
shall  iind  that  the  oscillations  are  truly  isochronous  at  thcic 
three  stages. 

8.  The  durations  of  the  oscillations  of  two  -pendohnBu  «f 
unequsl  length  are  as  the  square  roots  of  the  lengths  of  thr 

pendulums. 

We  must  suppose  the  arc  a  b  described  by  the  oseillation  of  i 
pendulum  to  be  divided  into  so  many  parts  that  each  division  may 
be  considered  as  a  straight  line.   If  now  the  angle  of  deviatson  of 

a  longer  pendulum  is  equally  large,  the  arc  of  oscillation  e  d  nmsl 

be  to  the  arc  of  oseillation  a  b  as  the  lengths  of  the  pendulums  to 
eaeh  other.  If  we  suppose  the  are  d  c  to  be  divided  in  an  eqiiaJ 
number  of  parts  as  the  arc  a  6,  these  separate  parts  will  be  to  each 
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vitt.  141.  other  as  the  lengths  of  the  peiuluhuns.  If, 
therefore,  one  pendulum  be  four  times  longer 
than  the  other,  the  subdivimna  of  the  vrede 
will  also  be  four  timea  krger  than  thoae  oorres- 

pondin^  divisions  of  the  arc  a  h.  The  angles 
made  with  the  horizon  by  the  first,  second,  and 
third  divisions  of  the  arc  a  b,  arc  equal  to  the 
angles  made  with  the  horizon  by  the  first, 
aeeondy  and  third  difiaiona  of  the  are  c  the 
accelerating  foroe  it,  therefore,  also  the  same 
>ii  the  corresponding  parts  of  a  b  and  c  d. 
iiut  if  different  spaces  be  traversed  with  equal  accelerating 

brccii,  we  know  from  the  formula  *  =  5       that  the   times  of 

yUng  are  aa  the  aquare  roots  of  the  apaces,  if,  therefore^  each  o€ 
;he  parts  of  c  d  were  two,  three,  or  four  times  as  large  as  the 
^responding  divisions  of  a  b,  the  time  in  which  a  division  of  c  d 
vill  be  traversed,  must  also  be  V2,  \^S,  ^4t,  times  as  long 
m  the  period  oeenpied  in  traversing  the  coneqKmding  portibna  of 
I  b.  But  aa  thia  ia  true  of  all  the  parts,  ao  it  ia  also  true  of  their 
rams,  or  in  other  words,  the  diu^tion  of  the  oscillation  is  propor- 
aouatc  to  the  square  root  of  the  length  of  the  pcndiihun. 

In  order  to  conjfinn  the  accuracy  of  this  third  law  by  experiment, 
ire  will  take  three  penduhuna  of  different  lengths.  If,  for  inatance, 
no.  142.  the  lei4^  are  aa  the  numbera  1,  4,  9,  the  ecnrrea- 
ponding  tbnea  of  oacillatimi  will  be  aa  the  numbera 
1,  2,  3.  The  most  convenient  mode  of  exem])lifying 
this,  is  by  attaching  the  balls  to  a  double  thread  as 
seen  in  the  accompanying  iigure.  While  a  pendulum, 
four  feet  in  length  makes  one  oscillation,  the  pendulum 
which  ia  four  timea  amaller  than  the  farmer  makea  two 
oecillations^  and  whilst  a  penduhim,  one  foot  in  length 
moves  three  times  backwards  and  fonvards,  another, 
nine  feet  long  will  only  make  one  backward  and  for- 
ward motion.  • 

The  length  of  a  aimple  pendulum  oadllating  seconds, 
■  d94  millimetres ;  if,  therefore,  the  length  of  a  aeeond's  pendulum 
wd  been  taken  as  the  unit  of  length,  it  would  have  deflated  but 
little  from  the  metre. 

Quantity  of  Motion, — Most  forces  that  set  bodies  in  motion  act 
anly  directly  upon  a  email  portion  of  the  moleculea  campoaing  the 
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body.  In  striking  a  billiard-ball  we  only  touch  a  few  points  of 
the  mxxSmee.  If  the  wind  drive  a  ahip^  it  only  presaes  npon  the 
sails^  and  when  a  ball  is  disdiarged  by  }>owder,  the  gaaes  which 

give  the  impulse  on  being  liberated^  press  only  upon  half  the 
surface  of  the  ball.  Notwithstanding  this,  all  parts  of  the  body 
move,  whether  they  be  directly  acted  upon  or  not.  Motion  must, 
therefore,  be  uniformly  distributed  to  all  the  molecules,  as  all 
move  simnltaneoosly.  The  molecnles  directly  struck,  impart  an 
impulse  to  those  nesreat  ihe%  and  so  on,  nntil  the  whole  mass  is 
set  in  motion.  A  certain,  althon^  inappreciably  small  portion  <tf 
time  is  necessary  for  the  transmission  of  motion  from  one  molecule 
to  the  whole  mass. 

If  a  force  act  upon  a  body,  it  will  have  produced  its  effect  as 
soon  as  motion  has  been  distributed  to  all  portions  of  the  mass, 
and  these  latter  move  with  a  common  velocity,  the  force  being 
.  then  transferred,  as  it  were,  to  the  body,  and  diffused  throned  it. 

If,  therefore,  a  body  be  projected  by  the  hsnd,  by  the  rekaae 
of  a  spring,  by  a  quick  push,  or  by  means  of  a  sudden  explosion, 
it  will  continue  to  move  on  after  the  force  has  ceased  to  act  wynm 
it.  If  nothing  were  to  oppose  it  in  its  course,  neither  air,  water, 
nor  any  other  body,  and  if  no  force  whatever  were  acting  upon  it, 
it  would  move  in  the  direction  of  the  first  impulse  with  uniform 
velocity  after  a  hundred  years  in  the  same  manner  that  it  did  sfter 
the  first  second.  We  may  say  that  the  activity  of  such  a  bod^  is 
momentarVi  while  its  effect  lasts  for  ever. 

'Hius  the  body  to  a  certain  extent  absorbs  the  force  acting  upon 
it,  and  we  can,  therefore,  easily  understand  how  the  same  force 
acting  upon  different  bodies  must  call  forth  very  different 
motions. 

A  qusntity  of  powder,  sufficient  to  discharge  a  musket-ball, 
would  scarcely  raise  a  bomb ;  wiiile  a  bow  cspable  of  sending  a 

light  arrow  to  a  great  distance,  would  not  be  able  to  send  off  a 
heavy  one  with  as  much  speed.  We  say  commonly  that  the 
gravity  of  the  body  gives  rise  to  this  difference,  but  this  is  an 
incorrect  assertion,  since  we  might  be  erroneously  led  to  condude 
that  if  a  body  were  to  cease  to  be  heavy,  the  ssme  force  would 
move  all  bodies  with  equal  velocity.  Let  us  suppose,  for  a  moment, 
that  bodies  sre  without  gravity,  and  assume  that  there  is  no  air 
present,  or  other  hinderance  of  motion ;  the  musket  ball  would 
still  be  urged  on  faster  than  the  bomb,  hieause  the  same  force 
must  produce  a  degree  of  speed,  smaller  in  proportion  as  the  mass 


Digitized  by  Google 


QUANTITY  OJf  MOTION. 


139 


oi'  matter  to  be  moved  increases  in  size,  it  is  one  of  the  fimda- 
menial  principles  of  Tnaehinwt,  tktU  the  none  force,  admg  t^Mii 
afferent  kediei,  imparU  to  them  a  wfeeil^  nwereely  proporHmmie 
f9  their  meaeee;  thai  ie  to  $ay,  m  am  tmwm  roHo  to  the  quaniUies  of 

matter  composing  than.  If,  therefore,  the  same  force  discharged 
in  succession  leaden  balls^  whose  volumes^  and  hkewise  whose 
mnwes  were  as  the  numbers  1,  2,  3,  4,  kc*,  it  would  impart  to 
them  ihe  Teloeities  1,  ^,  ^,  te.,  eo  that  a  masa  ten  thnea 
larger  would  only  baTe  Atk  1^.  velocity.  On  multiplying  eadi  of 
these  masses  with  its  velocity,  we  always  obtain  the  same  product 
for  the  first  1x1=1  for  the  second  2  x  i  =  1,  &c.  The 
quantity  thus  obtained  by  multiplying  a  body  by  its  velocity  ia 
termed  gmtmUti^  efwmiim.  The  aame  liorae  ahai  pfodiiceaafaiafi 
the  aame  quantity  of  motion  on  whatever  body  it  aeta. 

In  order  to  obtain  a  clear  idea  of  the  mode  of  action  of  various 
machines,  we  must  compare  the  quantity  of  motion,  which  the 
Applied  force  is  capable  of  producing  with  the  e&cct  obtained  by 
means  of  the  madiine.  It  would  be  a  vulgar  error  to  legazd  a 
madune  at  a  aoniee  of  force,  or  to  believe  that  the  quantity  of 
notion  eonld  be  increased  by  machinery.  By  maekmee  the  naimre 
oj  the  motion  is  simply  changed,  witlwut  its  guaniiiy  being  in  ike 
least  increased  thereby. 

A  weight  of  twenty-five  pounds  may  be  eaaily  lifted  two  feet  and 
a  half  in  a  aeeond,  by  means  of  a  rope  awnng  round  a  nmpb 
poDcy.   But  if  the  rope^  pulled  by  tiie  woiicman,  were  passed 
no,  143.  round  a  wheel,  (Fig.  143)  and  the  load 

attached  to  an  axle  of  four  times  smaller 
diameter^  a  fourfold  lai^^  weight 
might  be  laiaed  by  an  equal  a]ii^ieBtioD 
fixroe,  ahhon^  with  a  speed  four 
times  smaller.  Il'  we  examine  the 
mode  of  action  of  other  machines,  as 
the  screw,  the  pulleys  of  various  wheel 
worksy  we  ahall  always  attain  to  the 
same  reaulty  vis.  that  what  we  gain  on 
the  one  side  in  force,  wc  lose  on  the  other  in  speed,  and  that 
(-ousequently  the  quantity  of  motion  is  not  at  all  increased  by 
machines. 

If  a  body  in  motion  come  into  eontaet  with  another  atresty  but 
which  is  earily  moved,  it  will  impart  to  the  latter  a  portion  of  ita 
motkm;  but  ^  total  quantity  of  motion  is  not  thereby  ahered; 
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and  if  the  striking  body  rebound  in  oontequenoe  of  elasticity^  and 
the  impulse  were  eentrally  applied,  both  bodies  will  move  on  in 

the  same  direction  after  coiniiii;  into  contact.  If  the  mass  of  the 
body  at  rest  be  equal  to  that  of  the  one  striking  it,  the  speed  of 
motion  will  be  diminished  to  the  half  after  contact,  as  the  mass 
has  been  doubled.  From  this  we  may  easily  see  that  in  order  to 
find  the  relation  of  the  speed  before  contact,  to  that  of  the  speed 
subsequently  manifested,  we  have  only  to  divide  the  mass  of  the 
body  moved  by  the  sums  of  the  masses  of  the  body  moved,  and 
the  body  at  rest.  If,  for  instance,  a  musket  ball  of  <V  lb.  were  to 
strike,  with  a  sjjced  of  1300  feet  in  a  second,  a  ball  of  48  lbs.  at 
rest,  but  easily  moveable  and  sus})cndc(l  to  a  long  line,  the 
common  speed  after  the  blow  would  be  to  1300  as     is  to  4&'i"r9, 

1300 

or  as  1  to  961 ;  that  is,  it  would  be  only  about  -gg^  or  about  1| 
feet  in  a  second. 

If  a  similar  nmsket  ball  were  to  strike  against  a  large  block  of 
stone  or  a  njck,  it  would  also  im])ait  a  motion  to  it,  but  the  speed 
would  be  very  inconsiderable  ;  for,  if  the  block  of  stone  were 
500  lbs.,  the  common  speed  after  the  contact  as  may  easily  be 
reckoned,  would  be  only  one  inch  in  the  second.  But  firiction, 
however,  soon  destroys  this  motion  which  by  degrees  distributes 
itself  to  all  neighbourmg  bodies,  and  finally  to  the  whole  earth, 
and  thus  entirely  disappears. 

Motion,  therefore,  distributes  itself  to  other  bodies,  but  is  not 
lost.  If  it  appear  wholly  destroyed,  the  reason  is,  that  by  its 
gradual  distribution  to  other  bodies,  it  finally  becomes  imper- 
ceptible. Motion  is  necessary  to  destroy  motbn;  resistance  only 
scatters  without  destroying  it. 

The  {material)  Pendulum. — The  above  developed  laws  apply 
strictly  sj)eaking  only  to  an  ideal  pendulum.  Such  a  pendu- 
lum we  may  conceive,  but  we  cannot  construct,  for  it  must 
consist  of  a  simple  thread  devoid  of  all  weight,  and  having  at  its 
extremity  only  a  heavy  point. 

Every  pendulum  not  corresponding  with  both  these  conditions 
is  a  compound  pendulxun.  An  infleidble  rod  devoid  of  weight  on 
which  are  two  heavy  molecules,  m  and  n  would  consequently  be 
a  compound  jiendulum. 

The  molecule  m  nearer  to  the  point  of  suspension  than  //,  has  a 
tendency  to  vibrate  more  rapidly,  but  as  both  molecules  are 
combined,  m  will  hasten  the  motion  of  n,  and  conversely  n  will 
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retard  that  of  m ;  the  yibrations  will  on  that 
account  move  with  a  velocity  varying  betwrcn 
the  degrees  of  velocity  with  which  each  of  the 
mdecules  m  and  n  would  oscillate  alone.  They 
are  equal  to  the  oacillatioiis  of  a  aimple  peadu- 
him  longiff  than  /  m,  and  ahorter  than  /  n. 
It  is  the  same  with  every  material  pendulum. 
Those  parts  lying  nearest  the  central  point  of 
vibration  in  the  pendulum  have  their  motion 
retarded  hy  the  moat  remote,  while  the  latter 
are  accelerated  by  the  parts  moat  contiguous 

to  the  point  of  suspension.  There  must  consequently  be  a  ])oint 
m  every  compound  pendulum,  which  is  not  acted  upon  by  the 
rest  of  the  maas  of  the  pendulum^  vibrating  exactly  as  fast  as  a 
ample  pendnhmiy  whoae  length  ia  eqoal  to  ita  diatance  firam  the 
point  of  antyentBon.  Thia  ia  called  the  centre  of  oacillation.  If 
we  speak  of  the  length  of  a  oomponnd  pendnhnu,  we  understand 
by  the  term  the  distance  of  this  point  from  the  point  of  suspension, 
or  what  is  the  same  thing,  the  length  of  a  simple  pendulum  of  an 
equal  time  of  oadUation. 

A  pendulum  conaiating  of  a  fine  thread  at  whose  lower  end  a 
baDy  or  a  double  cone,  of  a  substance  of  great  specific  girayity  ia 
Ittuched,  approaches  most  nearly  to  the  simple  pendulum.  If  the 
thread  be  somewhat  long,  and  the  diameter  of  the  ball  somewhat 
imaii  in  proportion  to  the  length  of  the  pendulum,  we  may  without 
my  serious  error  take  the  centre  of  gravity  of  the  ball  aa  the  point 
of  oadDation  of  the  pendnlnm,  or  in  other  words,  we  may  take 
rach  a  pendulum  for  a  simple  one. 

In  every^  actual  pendulum,  however,  which  differs  more  consi- 
lerably  from  the  form  of  a  simple  })endulum  ;  the  centre  of 
gravity  is  by  no  means  the  centre  of  oscillation ;  it  is  in  most  cases 
I  difficult  problem  to  ascertain  by  calculation  where  the  centre  of 
osdUation  liea  in  an  actual  pendulum,  because  in  a  computation  of 
this  kind,  we  must  not  only  have  regard  to  the  accelerating  force 
>f  graWty  of  the  individual  points  lying  at  different  distances  from 
the  point  of  suspension^  but  also  to  the  resistance  opposed  to  an 
loeekration  of  motion  owing  to  the  inertia  of  their  mass. 

The  simplest  wqr  of  seeing  that  the  centre  of  oscillation  of  an 
Mtnal  pendulum  cannot  comdde  with  ita  centre  of  gravity  is  by 
observing  a  [>rndulum  in  which  a  portion  of  the  n)ass  lies  above  the 
pomt  of  suspension.  Such  a  pendulum  vibrates  considerably  slower 
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than  it  would  do,  if  its  centre  of  gravity  were  the  centre  of 
oscillation. 

Fig*  145  represents  an  evenly  divided  rod  provided  in  the  middle 
n«.  145.  with  an  edge  similar  to  what  fomiB  the  fulcrum  of  the 
beam  of  a  babnoe.  If  now  we  festen  a  leaden  maas 
weighing  two  pounds,  one  decimetre  above,  and  another 

d  the  same  weight  equally  far  below  this  edge,  and 
place  the  edgrc  upright  on  its  support,  the  rod  with  its 
weights  will  be  in  a  condition  of  indifFercnt  equilibrium, 
for  the  centre  of  gravity  of  the  system  corresponds 
with  the  fulcrum ;  as  soon,  however^  as  we  attach  a 
■mall  extra  weight  to  the  lower  end  of  the  rod*  the 
whole  beoomea  a  penduhun.  But  the  oacillationa  of 
this  pendulum  are  mu^  dower  than  those  of  a  simple 
pendulum  of  the  length  a  b,  for  the  only  force  that 
sets  the  whole  system  in  motion  is  the  gravity  of  the 
lower  leaden  weight ;  this,  however,  has  not  only  its 
own  niBMtomove,  but  alao  the  maaieB  of  the  wdghta 
at  e  and  d. 

We  thus  .easily  peroeive  why  the  beam  of  a  balance,  wbidi  may 

be  considered  as  a  pendulum,  vibrates  so  slowly,  although  its  centre 
of  gravity  is  close  to  the  point  of  suspension,  and  why  it  must 
vibrate  very  rapidly  if  the  centre  of  gravity  were  really  the  centre 
of  oscillation. 

The  PenAUum  Cioek. — ^The  moat  impcnrtant  application  of  the 
pendulum  is  for  the  regulation  of  docks.  Every  dodc  must  have 
an  aceelerating  force  to  produce  and  maintahi  motion.  From 

what  has  been  said,  however,  concerning  accelerating  forces,  it  is 
evident,  that  if  some  other  equal  force,  or  hinderance  of  motion 
do  not  oppose  the  accelerating  force,  motion  cannot  remain  uuiformi 
but  will  become  faster  and  faster  as  in  a  falling  body.  In  our 
large  upright  docks,  this  accelerating  force  is  produced  by  weigbtSy 
hung  to  a  line  passed  round  an  horiaontal  aile.  If  the  weight  be 
drawn  down  by  its  gravity,  the  aile  will  be  turned  by  the  line,  and 
the  whole  machinery  set  in  motion.  But  the  motion  of  a  fallins: 
weight  is  an  accelerating  one,  conse(picntly  the  check  must  at 
first  go  slowly,  then  more  and  more  quickly,  unless  its  course 
were  regulated,  and  this  regulation  is  effected  by  means  of  the 
pendulum. 

Fig.  146  exhibits  die  manner  in  which  the  pendulum  regulates 
the  going  of  a  clock.   A  toothed  wheel  is  fastened  to  the  axis  to 
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1**^-  which  the  line  with  the  weight 

is  attached.  The  axis,  round 
which  the  pendulum  vibrates  is 
above  this  wheel,  and  to  this 
axis  is  secured  a  beam  a  b, 
which  catches  the  teeth  of  the 
wheel  on  either  side.  The  ' 
figure  represents  the  pendulum 
in  the  position,  where  it  is  at 
the  extreme  left  side.  The 
wheel  is  turned  by  the  weight 
in  the  direction  of  the  arrow, 
but  cannot  go  on,  having  the 
tooth  1  held  by  the  tooth  b  of 
the  lever ;  as  soon,  however,  as 
the  pendulum  vibrates  back 
again,  b  rises,  and  the  tooth  1 
is  suffered  to  pass,  but  the 
motion  of  the  wheel  is  again 
immediately  arrested,  because 
the  tooth  a  at  the  other  end  of 
the  lever  now  descends,  pressing 
against  the  tooth  2  of  the  wheel ; 
thus  the  wheel  can  move  one 
tooth  at  every  oscillation,  and 
the  same  every  time  the  pendu- 
limi  returns,  and  thus  the 
motion  of  the  wheel  is  regulated 
by  the  movements  of  the  pen- 
dulum.   Such  a  contrivance  is  called  an  escapement. 

In  watches,  the  weight  is  replaced  by  a  tensely  drawn  steel 
spring,  and  the  pendulum  by  a  fine  spring  vibrating,  owing 
to  its  elasticity  round  its  point  of  equilibrium.  Clocks  made 
in  Paris,  and  which  there  went  quite  well,  were  found  to  loose 
when  brought  near  the  equator,  so  that  it  was  necessary  to  shorten 
their  pendulums.  Hence  it  follows  that  the  same  pendulum  goes 
more  slowly  at  the  equator  than  near  the  poles,  and  consequently 
that  the  action  of  gravity  is  less  at  the  equator  than  at  the  poles. 
This  is  owing  to  two  causes ;  first  the  flattening  of  the  earth,  and 
secondly  the  centrifugal  force  produced  by  its  rotation  round  its 
axis,  and  which  is  stronger  at  the  equator. 
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Impediments  to  Motion. — A  resistance  already  often  spoken  of, 
and  which  excrciaes  a  considerable  influence  upon  almost  all 
motions^  ia  iriction.  In  order  to  propel  a  load  of  moderate  aiae 
along  a  horiiontal  plane,  a  considerable  application  of  force  is 
necessary  arising  entirely  from  tbe  resistance  of  friction.  If  the 
plane^  on  which  the  mass  is  to  be  propelled,  as  well  as  the  under 
surfaec  of  the  load,  be  perfectly  hard  and  smooth,  (which  is 
never  the  case  in  natiu'c)  the  smallest  force  might  set  a  very  large 
mass  in  motion,  and  once  impelled,  the  load  would  move  on  with 
uniform  speed  on  the  horizontal  plane. 

Friction  arises  inccntestibly  from  the  elevations  of  one  of  the 
surfaces,  entering  into  the  depressions  of  the  latter.  If  now 
motion  is  to  occur,  the  projecting  parts  must  be  torn  away  from 
the  mass  of  the  body,  or  the  one  body  must  be  continually  lifted 
over  the  inequalities  of  the  other.  The  first  occurs  if  one  or  both 
the  rubbing  surfaces  are  very  rough.  If,  however,  the  rubbing 
snrfrces  can  possibly  be  smoothed^  the  last  named  mode  of  actum 
ahnost  exdusively  takes  place. 
The  accompanying  figure  may  serve  to  explain  the  manner  in 

which  resistance  to  motion  arises, 
if  a  body  must  be  lifted  over 
small  inequahties.  The  lifting  of 
the  body  A  is  effected  by  raising 
the  lowest  points  of  the  projections 
of  ^  to  the  summit  of  the  incqna^ 
lities  of  the  under  layer,  whonoe 
they  must  again  slide  down,  and 
the  same  raising  and  lowering  be  repeated.  The  resistanee 
opposed  here  by  A  to  the  motion,  is  no  other  than  what  must  be 
overcome  to  draw  it  up  an  entirely  smooth  inclined  plane. 

If  this  view  of  friction  be  correct,  the  laws  relating  to  it  must 
admit  of  being  proved  by  eiq[ieriment. 

In  order  to  overcome  friction  we  must,  exactly  as  in  drawing 
the  body  up  an  inclined  plane,  apply  a  force  equal  to  an  aliquot 
part  of  the  load.  The  number  that  gives  tlie  relation  of  the  force 
to  the  weight  is  termed  the  co-efficient  of  friction.  It  naturally 
depends  upon  the  peculiarities  of  the  rubbing  surfaces,  and  can  be 
determined  by  ei^eriment. 

If,  for  instance,  we  would  propel  a  load  of  one  cwt.  upon  an 
horisontal  layer  of  iron  (on  the  line  of  a  railroad  for  instance),  and 
if  the  under  surfooe  of  the  truck  were  also  iron,  a  foree  of  ^7,7  Iba. 
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would  be  wftef—fjj  diafc  is  to  iqF  the  Hmie  eipenJityro  of  fom 
that  would  be  leqinrile  far  Kftiiig  27,7  IIm.  fertieally  up.  When 

iron  rubs  on  iron,  the  resistance  of  friction  is  as  we  see  27,7  per 
cent,  and  the  coefficient  of  friction  in  this  case  is  0,277.  In  order 
to  asoertain  tbe  coefl&eient  ol  fhctkm  for  different  bodies,  we  may 
umIdb  nee  of  an  wipfmltoB  at  Men  at  Fig.  10.  The  boevd M8m 
plaeed  in  a  boriaontal  positkm.  Suppose  this  boavd  to  be  of  oak, 
we  lay  a  block  of  oak  upon  it,  whose  under  surface  must  also  be 
well  planed,  weighing  1000  grammes;  a  line  is  attached  to  this 
Hlock  of  oak,  and  paaaed  round  a  pulley  aa  in  the  experiments  of 
the  incUiied  planc^  enrying  a  light  icairvpan,  This  latter  will  not 
be  anilcieDt  to  prodnoe  motion,  whidi  will  not  b^gin  befoie  the 
weight  of  the  scale  pan,  and  of  the  weights  together  amount  to 
418  grammes.  We  obtain  by  this  experiment  the  coefficient  of 
friction  of  oak  upon  oak,  and  find  them  to  be  0,418. 

If  we  aha  the  snbstance  of  the  body  to  be  moved,  as  well  as  of 
tlftB  body  supporting  it,  we  vmy  aseertsin  the  eoefficient  of  friotion 
of  different  bodiea.  The  fbllowiiig  table  eontaina  some  of  the  most 
practically  important  coefficients  of  friction. 

Iron  imon  iron 
Iron  upon  bfass 
Iron  upon  copper 

Oak  upon  oak 

Oak  upon  pine 
Fine  iqpon  pine 

The  resistance  of  frietkm  may  be  dindnidied  by  the  application 
f)f  well  choseu  oleaginous  substances.  Oil  is  the  best  for  metal, 
white  tallow  answers  beat  for  wood. 

In  wooda  it  is  by  no  means  a  matter  of  indifference  which  way 
thefflvesnm;  frie^on  is  mneh  less  oonsidnable  iriiere  they  run 
aerasi  (+)  than  wboe  they  are  parallel  (=). 

From  what  has  been  said,  it  is  directly  shown  that  friction  is 
always  proportionate  to  the  weight.  If,  for  instance,  in  the  above 
experiment  we  had  taken  a  block  of  oak  weighing  2000  grammes, 
we  should  have  had  to  attach  886  grammea  to  the  rope,  in  order 
to  oveieome  Uie  finotion. 

The  size  of  the  surface  in  contact  cannot,  according  to  the  above 
views,  exert  any  influence  on  the  amount  of  friction ;  this  may  be 

L 


.  0,277 
.  0,268 
.  0,170 
0,418  = 
0.273  + 
.  0,667 
.  4,569 
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also  proved  by  experiment.  Suppose  that  the  block  of  wood  have 
lateral  sor&oes  of  different  size^  no  difference  will  be  found  in  the 
retnlt,  whichever  surface  of  the  block  touch  the  wood. 

The  above  described  kind  of  friction  is  termed  tUiing  fridum, 

in  order  to  distinguish  it  from  the  roUing  friction,  which  we  proceed 
to  consider  more  attentively. 

.  Sliding  friction  always  occurs  where  pins  or  axes  revolve  in  their 
supports ;  in  order  the  better  to  take  into  account  the  effect  of 
friction  in  this  case,  we  need  only  consider  that  it  acts  precisely 
like  a  corresponding  weight  suspended  to  a  string  passed  round  the 
same  axle.  Let  us  by  way  of  illustration  examine  the  effect  of 
friction  on  the  windlass.    Let  the  weight  of  the  axle  with  every 

thing  that  is  fastened  to  it,  be  about 
m.  148.  75  lbs.,  the  stone  to  be  raised  100  lbs., 

and  the  force  acting  on  the  cir- 
cumference of  the  wheel  be  25  lbs., 
then  the  combined  pressure  aos* 
tained  by  the  props,  of  the  axle,  will 
be  75  +  100  +  25  =  200  lbs.  If 
the  props  be  of  brass,  but  the  ex- 
tremities of  the  axle  be  of  iron,  the 
resistance  of  friction  acting  on 
the  circumfBrence  of  the  ends  of 
the  axle  will  be  26|S  per  cent ;  the 
efieet  of  friction  is^  therefore,  the  same  as  if  in  place  of  this  we 
had  passed  a  line  round  the  ends,  in  the  same  direction  as  the  line 
bearing  tlu;  weight,  and  had  attached  to  it  a  weight  200  x  0,203 
or  52,6  lbs.,  or  as  if  the  load  acting  at  the  circumference  of  the 
52  6 

axle  had  been  g-  or  10,5  lbs.  larger,  provided  that  the  diame- 
ters of  the  rods  were  i  of  that  of  the  axle.  Thus  about  10  per 
oeat  of  the  force  applied,  is  lost  in  this  windlass,  in  overooming 

iJie  resistance  of  friction. 

It  now  remains  to  notice  rolling  friction.  Rolling  friction  occurs 
where  a  round  body,  as  a  ball,  or  a  cylinder  rolls  along  a  surface. 
Mere  the  supporting  under  surface  comes  always  in  contact  with 
new  points  of  the  rolling  body.  The  resistance  that  arises  here  is 
by  frr  less  than  the  resistance  of  stiding  friction^  as  may  be  seen 
from  the  following  consideration. 

If  we  wish  to  propel  the  round  body  A  over  the  surface  on 
inch  it  rests,  we  must  begin  by  drawing  it  to  a  little  inclined 
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via.  149.  plane  c  b,  when  its  centre  of  gravity 

will  be  raised  as  much  as  c  lies  below 
b.  But  by  rolling  on  the  body  A,  it 
will  tam  lomid  the  point  b,  by  which 
Hb  centre  of  gravity  will  only  be  raised 
from  dtoe.  The  diflferenee  of  height, 
however,  between  d  and  e,  is  much 
less  than  the  diti'crcnce  of  height 
between  c  and  k.  Let  ua  suppose  a 
apherieal  arc  to  be  drawn  roond  ^ 
central  point  and  through  the  pointa 
a  and  h,  the  lowest  j)oint  of  this  arc  will  be  as  much  below  by  as 
d  is  l)elow  e.  But  as  the  lowest  point  of  the  arc  a  b  still  lies 
high  above  c,  we  may  easily  understand  that  the  alternate  rising 
and  Ifdling  of  the  centre  of  gravity,  ia  much  less  considerable 
in  rolling  than  in  eliding  friction.  We  also,  however,  perceive 
that  the  resistance  of  friction  depends  mainly  here  u]ion  the  radius 
of  the  rolling  body.  The  larger  this  radius  is,  the  smaller  will 
be  the  resistance.  In  other  respects,  resistance  is  here  likewise 
proportionate  to  the  load. 

Ixk.  the  wheel  of  a  carriage  there  is  rolling  friction  at  the  dreum- 
feranee  of  the  wheel,  but  sliding  friction  at  the  axles.  Both 
rrsistanccs  become  smaller  in  proportion  to  the  larger  diameter  of 
the  wheels. 

In  both  kinds  of  friction  adhesion  haa  considerable  influence. 
In  a  locomotive^  the  middle  whedsi  the  so  called  driving  wheda 
are  turned  by  the  force  of  the  steam  engine ;  the  whole  carriage 

rolls  oil  in  consequence  of  this,  for  if  it  were  to  rei\iaiu  at  rest,  the 
wheels  could  not  revolve  without  the  occurrence  of  a  considerable 
sliding  friction  between  the  wheelsii  and  the  iron  on  which  they 
ran,  whilat  by  rolling  on  the  incomparably  amaller,  rolling  friction 
haa  alone  to  be  oveteome.  If  a  locomotive  be  attached  to  a 
number  of  carriages,  a  certain  resistance  of  friction  must  be 
overcome  dvirinir  the  continuance  of  motion,  rolling  friction  at 
the  circumference,  and  sliding  friction  at  the  axles.  All  these 
rontaneea  must  be  overcome  if  the  carriage  ia  to  be  drawn 
onward* 

It  is  evident  that  the  number  of  carriages  attached  might  at 

last  be  so  incicascd  that  the  locomotive  would  no  longer  be  able  to 
draw  them  ;  in  this  case,  therefore,  the  wheels  of  the  locomotive 
would  revolve  without  its  being  borne  forward,  when  the  consider* 

L  2 
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able  friction  of  tiie  sliding  frictioiif  at  the  circtunferenee  of  the 
driving  wheeli^  would  hm  to  be  oneroome  by  the  fofoe  of  the 
nuHshlne* 

The  train,  therefore,  can  only  proceed  if  the  mun  of  all  the 
resiatances  of  friction  of  all  the  carriages  is  smaller  than  the 
resistance  of  the  sliding  friction  from  the  rotation  of  the  driving 
wheels  of  the  locomotive  at  the  drcumfereuce  which  would  exbt 
were  there  no  forward  motion. 

From  theae  eonaiderationB^  it  foUowBi  that  the  load  which  m 
looomotive  ia  ciqpable  of  drawing,  dependa  not  only  upon  the  force 
of  its  steam  engine,  but  always  upon  its  weight.  If  we  assume 
that  two  locomotives  have  equally  strong  machines,  but  that  the 
one  is  heavier  than  the  other^  a  larger  weight  may  be  propelled  by 
the  heavier  of  the  two. 


Digitized  by  Google 


LAWS  OF  rai  MonoN  or  uqitiim. 


140 


CHAFT£&  ih 

LAWS  OF  TU£  MOTION  OF  LIQUIDS. 

Iv  we  make  an  opening  in  the  lateral  wall,  or  the  bottom 
ofsfeiKl  filled  with  hqmd  and  open  at  the  top^  and  if  the 
aperture  flraa  made  he  email  in  eompamen  with  the  dmienaMma  of 

the  vessel,  the  liquid  will  flow  out  with  a  velocity  whose  intensity 
will  be  in  proportion  to  the  depth  of  the  opening  below  the  surface 
of  the  liquid.  The  connection  existing  between  the  velocity  of  the 
eeeqnng  hqaid,  and  the  hei|^  of  the  pceaaiue  Bi^ 
euqueeaed  in  the  following  manner.  TV  vdoeiti/  of  iki  mcaping 
Uqmdu  exactly  as  great  as  the  velocity  a  freely  falling  body  would 
acquire,  if  it  were  to  fall  from  the  surface  of  the  Uqmd  to  the 
aperture  through  which  the  Uqmd  escapes. 

Thia  proposition  ia  known  \ff  the  name  of  the  TmeslKm 
theoran.  1%  may  be  exphmed  in  the  fbDowing  manner. 

Fio.  150.  If  the  liquid  layer,  abed  (Fig.  150)  imme- 
diately above  the  opening  a  b,  were  to  fall  down 
without  beii^  accelerated  by  the  liquid  preanng 
over  it,  it  WDold  flow  from  the  opening  with 
a  velocity  oorraponding  to  the  hei|^t  m  e, 
which  we  will  designate  aa  Una  velocity  is 
c  =  \^  2  g  h.  But  now  the  escaping  stratum 
is  not  only  accelerated  by  its  own  gravity^  but 
by  the  gi^vity  of  all  the  liqnida  preaaing  npon  it 
The  aeeekratiag  fbree  of  the  gravity  g  k,  eonaeqiiently,  to  the 
aecthrating  force  f*,  actually  propelling  the  liquid  partideay  aa  «  e 
is  to  a  /  or  as  A  is  to  s  ii'  the  height  of  pressure  be  designated 
by  s,  that  is 

h:s  =  gs^, 

andy  thcnIbrBy  the  arcfilffiatiiig  fisee  ff^  mMSa^  npon  tike  l^piid 
kyer  flowing  But  if  the  accelerating  force  actiiig 
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upon  this  layer  be  g'  and  not  then  its  velocity  c'  =  >/2  g'  h-, 
and  if  we  add  the  value  of  g'  to  this  value  of  c,  we  obtain  as  the 
value  of  the  velocity  of  the  escaping  fluid 

&  =  ^/2g8. 

But  this  is  the  same  velocity  as  that  acquired  by  a  body  falling 
freely  from  a  height  s. 

From  this  proposition  it  immediately  follows  that : 

1.  Tlie  velocity  of  the  efflux  depends  only  upon  the  depth  of  the 
aperture  below  the  surface^  and  not  upon  the  nature  of  the  liquid. 
At  equal  heights  of  pressure,  water  and  mercury  will,  therefore, 
flow  out  with  equal  velocity.  Every  layer  of  mercury  will  certainly 
be  driven  out  by  a  pressure  13,6  times  greater  than  that  acting  on 
water,  but  then  the  mass  of  a  particle  of  mercury  is  13,6  times 
heavier  than  that  of  an  equally  large  particle  of  water. 

2.  The  velocities  of  efflux  are  as  the  square  roots  of  the  heights  of 
pressure.  The  water  must,  therefore,  flow  with  ten  times  greater 
velocity  from  an  opening  100  centimetres  below  the  level  of  the 
liquid,  than  from  a  depth  of  only  one  centimetre  below  the  same 
level. 

In  order  to  determine  the  velocity  of  efflux,  the  simplest  way  is 
to  observe  a  jet  issuing  vertically  or  horizontally  from  the  vessel. 
We  will  first  consider  the  vertically  directed  jet. 

If  the  water  spring  forth  from  the  opening  o  (Fig.  151)  with  the 

same  velocity  as  if  it 
were  to  fall  from  the 
level  of  the  liquid  in 
the  vessel  to  the  height 
of  the  opening  a,  the 
jet  of  water  must 
rise  again  to  the  ele- 
vation of  the  liquid- 
level.  We  may  easily 
show  this  by  the  help 
of  the  apparatus  re- 
presented in  Fig.  152, 
letting  the  water  flow 
from  the  opening  c; 
and  we  shall  then 
find  that  the  ascend- 
ing jet  of  water  does 
not  attain  to  any  thing  like  the   height  that  might  be  cx- 


FIO.  151. 


FIG.  152. 
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(lected.  The  impediments  to  motion  are,  however,  the  sole 
emie  of  the  water  not  attaining  the  height  yielded  hy  theory ;  the 
inter  falling  beek  firom  the  top  eierts  an  caaential  infioenee  in 
hindering  the  free  aaoent  of  the  anooeeding  water;  and  conae- 
fiuently  the  jet  rises  the  higher  iinincdiately  the  aperture  of 
rtHux  IS  >>o  turned,  that  the  water  flowing  out  may  make  a  small 
augle  with  the  vertical  that  is,  that  the  ascending  and  descending 
|eta  nmy  be  eloae  to  eaeh  other.  In  thia  eaae,  the  jet  may  under 
frfoorabk  eireamataneeay  that  is  where  there  ia  the  amalkat  pos- 
sible friction,  attain  an  elevation  0,9  of  the  lieight  of  the  pressure. 

A  stream  of  water  llowingout  in  an  horizontal  direction  describes  a 
parabola,  the  forai  of  which  depends  upon  the  velocity  of  its  efflux, 
Suppoaing  that  the  opening  a  (Fig.  153)  wereOjl"^  belowthe  water 

levels  the  vekxsity  of  efflux 
would  be  according  to  the 
Torioellian  law,  >✓  2.9,8.0,1 
=1,4".  If,  therefore^  a  par- 
tiele  of  wator  were  at  any 
moment  to  flow  from  the 
opening,  it  would  in  one 
second  be  1,4™  from  the 
vertical  wall  of  the  vessel, 
and  O^St&^  in  tV  of  a  second. 
But  in  0|2  of  a  aeeondi  the 
water  fidla  0,196*  (we  find  ihia  on  aobatitiiting  the  Take  0^  for  1  in 

the  eqnation  m^^^;  if  now  we  meaaore  the  length  a  b  s=s 

0,196"  downwards  frtmi  the  opening  a,  an  honsontal  line  drawn 
from  b  towards  the  jet  of  water  will  interaeet  the  latter  at  a 
distance  of  0,29*.   In  making  the  experiment,  the  diatanee  b  e 

will  be  somewhat  less  than  0,28"*  owing  to  tlie  action  of  friction. 

According  to  theory,  the  water  should  flow  from  a  second 
opening  d  40^,  below  the  surface,  with  a  velocity  double  that  at  a ; 
if,  therefm^  we  meaaore  196""  from  d  downward,  and  then 
suppose  a  horiaontal  line  drawn  towarda  the  jet  it  moat  interaeet 
the  latter  at  a  distance  of  0,56"*. 

The  quantity  of  water  issuing  from  an  opening,  in  a  given  time, 
depends  evidently  upon  the  size  of  the  opening,  and  the  velocity 
of  the  efflux*  If  all  the  particlea  of  water  paaaed  the  opening  with 
the  velocity,  eaReepondingaeoording  to  the  TbrtesJKflwlawwillithe 
height  of  the  pressure,  the  water  flowing  out  in  one  second  would 
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form  a  cylinder  wboae  baae  would  be  eqoal  to  the  opening,  and  ita 
height  equal  to  the  distance  descrihed  by  a  particle  of  water  (owing 

to  its  velocity)  in  a  second.  This  distance  is,  however,  the 
velocity  of  the  efflux  itself,  and  therefore,  ^/%g  Sy  and  designating 
the  area  of  the  opening  by  ^  the  quantity  expelled  in  a  second 
wiUbe 

«=/.  4/2^#. 
If  we  asinme  that  the  apertuiea  m  and  n  are  eircular^  and  that 

their  diameter  is  5"",  the  area  of  the  opening  /  :=  19,625  square 
millimetres,  or  0,19625  square  centimetres,  if  the  height  of  the 
pressure  be  ten  centimetres,  the  velocity  of  the  efflux  will  be  as  we 
have  already  coni])utcd  1.4'"  =  14(y",  and  therefore 

m  s  0,19625  x  140  =  27,475  cubic-centimetraB, 

In  a  minute,  therefore,  1648,5  cubie-centimetrea,  or  148^ 
culno-eentimetres,  more  than  1(  litres  mnat  flow  out. 

An  aperture  of  equal  size  lying  40™  below  the  water-level,  must 
yield  double  as  much  in  one  minute ;  that  is,  3  litres  and  297 
cubic-centimetres  of  water. 

If  we  make  the  esperiment,  we  find  that  the  upper  opening  only 
yidda  about  1  litre  and  55  cubic-omtimetreB,  and  the  lower  one 
2  litrea  and  110  euble-eentmietrea. 

This  difference,  between  the  themtical  and  the  actually  observed 
quantity  of  the  discharge,  proves  incontrovertibly  that  all  the 
particles  of  water  do  not  pass  the  aperture  with  a  velocity  corres- 
ponding to  the  height  of  the  pressure.  In  fact  it  is  only  those 
particles  of  water  lying  in  the  centre  of  the  opening  that  haye  thia 
velocity,  while  that  of  the  partidea  flowing  nearer  to  the  edge  dt 
the  openings  ia  mudi  kaa  considerable,  aa  we  ahaU  aee  from  the 
following  observationa. 

In  a  wide  vessel  liaving  a  narrow  opening,  the  whole  liquid  mass, 
with  the  exception  of  the  parts  in  the  vicinity  of  the  aperture,  may 
be  regarded  as  at  rest.  The  layers  that  successively  flow  out,  do 
not  begin  their  motion  simultaneously,  the  foremost  having 
attained  the  maiimnm  of  their  vdodty,  whilst  the  moat  bftekwaid 
arebegmnmg  their  motion.  The  consequence  of  tiiia  would  be  a 
breaking  up  of  the  successive  layers  if  mcua  could  he  formed ;  as 
this,  however,  cannot  occur,  the  separate  layers  become  more 
elongated  while  their  diameter  diminishes  j  but  in  the  proportion 
that  the  diameter  of  these  layers  diminishes,  other  particles  of  water 
must  flow  on  from  the  sides ;  as  theses,  however,  <mly  begin  later 
^   their  motion  at  rif^t  an^^ea  to  the  opening,  it  ia  dear  tibiaft  they 
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iust  reach  the  opening  with  less  velocity  than  the  central  lines 
F  water. 

Wlulet  the  nndeoB  of  the  jet  has  a  velocity  correspQiidiiig  to 
belwigihtcf  thepressineattheinoPMatflfitskaTO 
;  k  wunrottpded  by  fines  of  water,  wImms  vdooty  dimiiiisiieB  in 

roportion  as  they  approach  the  ed^e  of  the  aperture :  whence  it 
>llows,  that  the  quantity  flowing  out  must  be  less,  than  if  all  the 
Articles  left  the  opening  with  the  veloeity  of  the  nndens  ni  the 

wm,  154.  The  water  flowing  oat  is  not  perfectly 

cylindrical,  but  contracted  at  tlic  opening 
as  seen  in  ¥v^.  154,  in  consequence  of 
the  central  lines  of  water  at  their  passage 
throQSch  the  ooooinff  havinsr  a  nicatfii 
^§§fh^^  Tdooty  than  die  parte  near  the  edges, 

and  in  consequence  of  the  latter  being 
possessed  of  a  velocity  directed  towards 
the  centre  of  the  jet.  At  c  d  the 
iiagonal  section  of  Ae  stream  is  about  equal  to  two  thirds  of  the 
oca  of  tbe  opening.  In  like  manner  the  aetnsl  quantity  of 
sator  expdled  is  sbont  two  thhrds  of  the  theoretieal. 

Influence  of  conducting  tubes  upon  the  quantity  of  liquid  disclmrged, 
^If  the  efflux  does  not  take  place  through  openings  made  in  a 
Am  wall,  but  through  short  tubes^  remarkaUe  modififfatiflns 
mnv  wUeb  we  porpose  considBcing. 

If  a  eondiieting  tnbe  have  enetly  the  farm  of  the  free  jet 
ftom  the  opening  to  the  part  where  the  latter  contracts,  and 
exactly  the  length  between  these  two  points,  it  will  eierciae  no 
iniliieuce  upon  the  quantity  of  liquid  discharged. 
.  h  qrhndiical  pqpee^  the  water  ckker  pours  fimfy  out  as  bam. 
n  openiner  of  eoual  diameter,  in  whieh  case  no  «»^i»yypff  is 
wwcised  upon  the  quantity  of  Uquid,  or  the  water  adheres  to  the 
^'dla  of  the  pipes,  so  that  the  liquid  fills  the  whole  pipe,  and 
Hows  forth  in  a  stream  having  the  ^ift"y*^^T  of  the  pipe ;  in  this 
nuie  the 

^WhOst  n  opening  m  a  flun  waU  yidds  flumeti^ 

^  ebtsm  by  sueli  a  cylindrical  eonducting  pipe  of  Kke  diameter 

^  p.  c,  provided  the  length  of  the  pipe  is  equal  to  four  times  its 
^ameter.  The  stream  aiirays  adheres  to  the  pipes  at  lower,  while 
1^  ^  free  at  greater  pressures.  Where  there  is  a  medium  pressure, 
itniij  be  mads  fine  cr  adherent  at  pleasure;  an  inoonsideiabfe 
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impediment  will  occasion  adherion,  while  a  very  slight  toudi  is 
often  surticicnt  to  render  the  stream  free. 

A  eonical  conduetins:  ])ipe  acts  in  case  it  discharges  when  full, 
in  the  same  manner  as  a  cylindrical  pipe,  excepting  that  it 
occasions  an  increased  efflux. 

The  speed  of  the  efflux  is  diminished  incylindricsl  or  conical  con* 
dnctmg  pipes  in  the  same  proportion  as  the  quantity  of  disdiaiige 
is  increased. 

We  must  now  examine  how  it  happens  that  conducting  pipes 
increase  the  quantity  of  liquid  discharged^  while  on  the  contrary 
they  diminish  the  velocity  of  the  efflux. 

The  water  sufifers  a  oontraetion  on  entering  the  conducting  pipe^ 
in  the  same  manner  as  if  it  were  discharged  from  an  c^peoing  in 
a  thin  wall^  but  besides  this^  as  soon  as  the  walls  of  the  pipe  are 
wetted,  adhesion  acts  in  such  a  manner  on  these  walls  that  the 
conducting  tubes  become  entirely  filled,  and  the  diagonal  section 
of  the  stream  thus  increases,  being  at  its  exit  from  the  pipe  larger 
than  at  the  place  of  contraction  as  may  he  seen  at  Fig  155.  That 
166.  na.  166.  tach  a  contraction  actually  occurs  in  the 
J:  tube  is  prored  by  this,  that  if  we  give  the 

conducting  tube  the  shape  of  a  contracted 
stream  as  in  Fig.  156,  the  efflux  is  pre- 
y  cisely  the  same  as  if  the  conducting  tube 

were  cylindrical. 

If  the  particles  of  water  filling  the  whole  section  of  the  tube 
leave  it  with  the  same  velocity  with  which  th^  pass  the  most 
contracted  party  a  bresking  up  of  the  succeeding  layers  of  water 
must  necessarily  occur.  The  separation  of  the  particles  of  water, 
and  consequently  the  formation  of  vacua  is,  however,  liindeird  by 
the  pressure  of  the  air  which  accelerates  the  motion  of  the  liquid 
while  Howing  into  the  tube,  but  retards  its  efflux  from  it.  fiy 
atmospheric  pressure,  the  particles  of  water  flowing  out  are  so 
much  retarded  that  a  full  efflux  is  produced. 

That  the  pressure  of  the  air  rnlly  has  this  effect  is  especially 
proved  by  the  quantity  of  the  discharge  not  being  incrnsed  by 
putting  on  conducting  pi{)es  where  water  flows  into  a  vaautm. 

If  we  make  a  hole  in  the  lateral  wall  of  a  conducting  pipe,  the 
air  will  be  drawn  in  through  this  opening,  and  the  stream  will 
cease  to  be  continuous. 

If  a  bent  tube  w  if,  Fig.  155^  whose  lower  end  opens  into  a 
vessd  of  water,  be  inserted  into  the  lateral  wall,  the  water  in  the 
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tube  X  y  will  be  sucked  up  by  the  tendency  manifested  by  the 
water  to  forni  a  vacuum  in  the  conducting  pipe.  This  pheno- 
menon proves  likewise  the  influence  exercised  by  the  air  in  the 
above  experiments.  As  a  conical  conducting  pipe  gives  a  larger 
discharge  than  one  that  is  cylindrical,  it  must  also  draw  up  more 
liquid,  that  is,  under  otherwise  similar  conditions  the  column  of 
water  drawn  into  the  tube  a:  y  by  a  conical  conducting  pipe  will 
rise  to  a  greater  height  than  in  a  cylindrical  pipe. 

Lateral  pressure  of  liquids  in  motion. — If  water  flow  through 
pipes  out  of  a  reservoir,  the  lateral  walls  of  the  pipes  would  not 
have  to  support  any  pressure,  if  there  were  no  resistance  of  friction 
to  overcome,  this,  however,  under  some  circumstances  may  be  so 
considerable,  that  the  greater  part  of  the  hydrostatic  pressure  is 
lost  in  overcoming  this  resistance,  and  proves  of  no  avail  in  aiding 
the  motion. 

Instead  of  the  plate  with  the  opening  c  in  Fig.  152,  let  us  insert 
into  the  apparatus  a  cork,  in  which  is  a  glass  tube  three  feet  in 
Itngth,  and  give  the  tube  a  horizontal  direction  when  the  water 
at  the  end  of  the  tube  will  then  flow  out  much  more  slowly  than  if 
the  efflux  had  occurred  through  the  opening  c. 

If  we  apply  several  equally  long  tubes  of  different  diameters  to 
exhibit  this  experiment,  we  shall  see  how  the  velocity  of  the 
discharge  diminishes  with  the  narrowTiess  of  the  tubes. 

Supposing  we  find  that  the  velocity  of  the  efflux  for  one  of  these 
tubes  is  only  half  as  great  as  we  should  expect  from  the  amount  of 
height  of  the  pressure,  then  the  one  half  of  this  pressure  is  necessary 
to  overcome  the  friction,  and  the  other  half  only  is  available  for  mo- 
tion. If  the  water  in  the  tube 
a  c,  (Fig.  157)  were  to  move 
with  a  velocity  corresponding  to 
the  height  of  the  pressure  in 
the  reservoir,  the  walls  of  the 
tubes  would  have  no  pressure 
to  support;  but  if  the  water 
in  the  reservoir  produces  in 
the  tube  a  motion  corres- 
ponding only  to  a  part  of  the 
height  of  the  pressure,  the 
remainder  must  act  upon  the 
walls  of  the  tubes  as  hydrostatic  pressure.  The  pressure  sustained 
by  the  walls  is,  however,  not  equal  in  all  parts  of  the  tube,  being 
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leas  the  neaier  it  approadies  the  opening  c.   In  many  caaea,  the 
preasare  to  be  supported  by  the  walls  of  the  tubes  from  within 
may  be  less  than  the  pressure  of  air  acting  upon  them  from 
without ;  this  is  every  where  the  case  where  the  conditioaa  are  ! 
fulfilled  in  which  the  phenomenon  of  suction  occurs. 

Reaction  cnaUd  by  the  effim  of  lAqmJi. — ^If  we  aiqppoae  a  veaad 
filled  with  watoTj  the  whole  will  be  at  feat,  aa  enrj  latenl  piea- 
aore  ia  eoonteracted  hy  a  perfectly  equal,  hut  opponte  one.  But 
if  we  make  an  opening  at  any  part  of  the  wall  from  which  the 
water  may  flow  forth,  the  pressure  will  evidently  be  removed  at 
this  spot,  whilst  the  portion  of  the  wall  diametrically  opposite,  and 
corresponding  to  it  will  be  preased  upon  as  strongly  as  before. 
The  pressoiey  therefore^  on  the  wall  of  a  veaael  thiou£^  whidi  the 
opening  haa  been  made^  b  leaa  than  that  acting  on  the  oppoaite 
Mb,  eonaequently  the  whole  yeaael  muat  move  in  a  diieetion  i 
opposed  to  the  direction  in  which  the  stream  of  water  flows  out,  if  j 
this  motion  be  not  hindered  by  friction  or  some  other  cause.  This 
m.  158.         may  be  compared  to  the  recoil  of  fire-arms.  . 

The  reaction  manifeated  on  the  escape  of  water 
may  be  ahown  by  an  appaiatoa  known  by  the 
name  of  Segprn^M  WaUr^hed.  It  eonaiata  of  I 
a  vesad  v  toining  round  a  vertiea]  axis^  and  | 
having  at  its  upper  extremity  a  cock  r,  which 
need  only  be  turned  in  order  to  put  the  appa- 
ratus into  motion.    By  means  of  the  reaction 
of  the  streams  of  water,  iaauing  from  the  end 
of  the  horiiontal  and  curved  tubea  t  and 
and  at  a  tangent  to  the  circle  deaerihed  by  ^ 
end  of  the  tubes,  the  apparatus  receives  a  rapid  rotatory  motion. 

Vertical  Water-wheeh. — If  water  continually  flow  firom  a  more  \ 
highly  elevated  to  a  lower  spot^  it  may  be  applied  as  a  moving 
force. 

1£  during  an  unit  of  time,  aa  a  aeoond^  a  mass  of  water  whoae 
wei^^t  ia  if  flow^  or  fellfiront  a  height  A,  If  ilia  the  quantity  of 
motion,  or  tiie  meehanical  moment  of  thia  maaa  of  water.  In 

whatever  way  we  may  turn  the  motion  of  the  water  to  another 
body,  the  efiect  can  never  exceed  the  mechanical  moment  of  the 
fall,  that  is  we  can  by  means  of  the  fall  at  most  raise  to  an  equal 
height,  a  weight  equal  to  the  mass  of  water  fsdling  from  the  same 
height  in  the  same  unit  of  time,  or  effect  aome  other  aimilar  action. 
If,  &r  inatanee,  a  maaa  of  water  of  800  Iba.  fell  firom  a  height  of  ! 
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«Bfef*lbar  hdt  in  one  mocmi,  the  absolute  masnmiiB  of  the  cftet 
tins  ftD  it  19800,  tliat  is,  a  resnlt  might  be  prodoeed  by  tins 

1,  supposing  all  forces  to  come  into  action  without  there  being 
y  loss  by  friction  or  other  reaistance,  which  would  be  equal  to 
a  force  necessary  to  raiie  •  freight  of  19^200  Iba.  in  one  second 
an  defation  of  one  f ooi. 

If  we  nasnnifi  liiat  a  bone  working  with  mediom  Ibiee  and 

adimn  speed  can  raise  a  load  of  1 00  lbs.,  four  feet  in  one  second, 
e  absolute  maximum  of  the  eflfect  of  that  fall  might  be  compared, 
would  be  equal  to  a  forty-ei^t  home-power.  In  what  foUowSi 
I  will  deqgpaale  the  abeolnte  nianninm  of  a  fiOl  by 
In  order  to  amdl  oniaehrea  of  the  mechanical  moment  of  a  water- 
n,  we  generally  make  use  of  water-wheels,  that  is  wheels,  on  the 
'cumference  of  which  the  water  acts  by  means  of  pressure  or 
ipact. 

Ordinary  water-wheels  torn  in  a  vertical  plane  round  anhori- 
ntal  aoda.  We  diatingaiBh  three  main  kinda  of  vertical  water- 
iieds,  under^-^koi,  oMr-aHof  and  mUA-^f. 

In  under-shot  wheels  the  float-boards  are  at  right  angles  with 
e  circiunference  of  the  wheel.  The  lowest  float-boards  are  im- 
ersed  in  the  water,  which  flowa  with  a  rdocity  depending  npon 
le  hdfl^  of  the  fidL 

The  flowing  water  seta  the  wheel  in  motion^  and  imparts  to  it 

velocity  which  may  be  greater  or  smaller  according  to  circum- 

anccs. 

if  the  impact  of  the  water  ia  to  impart  to  the  wheel  a  vehici^ 
pial  to  that  with  which  the  water  woold  flow  if  there  were  no 
bed,  there  mnat  be  no  resjetanee  opposed  by  llie  wheel  to  Aia 

lotion,  it  must  therefore  not  be  loaded;  or  in  this  case  there 
m  be  no  mechanical  action  produced^  and  the  effect  will  be 
ull. 

On  the  other  hand  we  might  load  the  wheel  so  atronf^y  by  a 
cmiiarpoiwng  weig^  tiiat  the  atrike  of  the  water  wimld  not 
npart  any  motion  to  it,  tiie  ftDing  water  erodsing  only  a  tiatie 

rcj<aure,  and  keeping  the  whole  in  equilibrium.  In  this  case,  the 
[Tt'ct  is  also  null.  From  this  consideration  it  follows  that  where 
le  wheel  is  to  do  any  work^  it  must  move  with  a  vek)city  less  than 
aat  of  the  freely  flowing  water;  theory  and  eiperience  ahow  that 
be  nNMt  advantageona  efleet  is  prodneed,  if  tiie  vdodty  of  the 
'heel  be  half  as  great  as  that  corresponding  to  the  height  of  the 
OL 
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Hence  it  follows  that  only  half  of  the  mechanical  moment  of 
the  fall  comes  into  action  in  an  ordinaiy  nnder-ahot  wheels  while 
the  water  flows  off  with  half  the  velocity  with  which  it  came  on 
the  wheel ;  tlie  effect  of  such  a  wheel  can^  therefore^  never  exceed 

the  value  of  i  E.  Even  this  effect  cannot  be  practically  obtained, 
as  a  part  of  tbe  force  is  lost  by  the  adhesion  of  the  water  to  the 
walls  of  the  channel^  resistance  of  friction,  &c.  Carefiilly  con- 
ducted experiments  have  yielded  the  value 

e  s=  0,8  £ 

for  under-shot  wheels  moving  in  a  ehamid,  where  no  lateral  efflni 
of  the  water  could  take  place. 

But  in  unconfined  wheels,  as  those  applied  to  ship-nulls,  where 
the  water  may  escape  laterally,  the  effect  is  still  more  remote  from 
the  absolute  maximum.  Under-shot  wheels  are  a])plied  where 
there  is  a  considerable  mass  of  water,  but  where  the  fall  is  of  small 
elevation. 

As  the  medianical  moment  of  the  fall  is  turned  to  little  account 
in  the  above  described  under-shot  wheels  where  the  water  strikes 

the  float-boards  at  right  angles,  Poncelet  has  constructed  an  under- 
shot wheel  with  curved  iloat-boards,  the  effect  of  which  approaches 
fax  nearer  to  the  absolute  maximum. 

In  order  to  have  the  water  come  upon  the  wheel  without  a 
sudden  stroke,  the  float-board  at  the  circumference  of  the  wheel 
must  correspond  with  the  dbectian  of  the  tangent ;  but  if  they 
were  so  constructed,  the  water  would  be  hindered  in  falling  from 
the  wheel;  besides  which  the  water  must  not  expend  all  its  velocity 
on  the  wheel,  since  in  that  ease,  it  would  have  none  left  for  tlf)\ving 
off.  Thus  a  certain  loss  of  power,  independently  of  the  natural 
impediments,  is  unavoidable  even  in  PoncekfB  wheel. 

Wheels  with  curved  float-boards  are  computed  to  yield  an  effect 
equal  to  two-thirds  or  even  three-fourths  of  the  absolute  maximum. 
(This  result  is  explained  in  Poncelefs  wheels  by  the  water  losing 
its  velocity  as  it  ascends  the  curved  float-boards,  and  yielding  it 
■almost  entirely  to  the  wheel. 

TTie  over-shot  Wheel  is  applied  where  there  is  a  high  fall  of  an 
inconsiderable  quantity  of  water,  as  in  small  mountain  atieams. 
The  water  in  running  down  upon  it  fllls  the  cells  on  one  side  of 
the  wheel,  which  is  turned  by  this  very  addition  of  weight.  Near 
the  lower  part  of  the  wheel  the  water  again  flows  out  of  the  cells. 
There  is  also  a  portion  of  the  mechanical  moment  lost  in  over-shot 
wheels,  because  the  cells  cannot  keep  the  water  down  to  the  lowest 
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point  of  the  wheel,  but  begin  sooner  to  let  it  flow  out.  A  well 
constructed  over-shot  wheel  ought  to  produce  an  effect  amounting 
to  75  per  cent  of  the  absolute  maximum,  provided  that  it  turn 
•lowly,  for  rapid  turning  the  water  does  not  remain  in  an  hori- 
zontal position  in  the  cells,  in  consequence  of  the  centrifugal  force, 
but  rises  exteriorly,  so  that  it  falls  sooner  from  the  cells. 

Fio.  159.  The  middle-sliot  wheel 

is  a  kind  of  medium  be- 
tween the  over,  and  the 
under-shot  wheel. 

Horizontal  IVntcr- 
wheels, — Earlier  attempts 
were  made  to  construct 
water-wheels,  but  it  is 
only  recently  that  they 
have  been  practically  ap- 
plied by  Fourneyron.  The 
horizontal  wheels  he  in- 
vented are  known  by  the 
name  of  turbines. 

Fig.  159  represents 
one  of  these  constructed 
for  a  high  fall  of  water. 

The  whole  mass  of  the 
falling  water  is  collected 
in  a  wide  cast  iron  tube, 
connected  with  a  cast 
iron  reservoir  by  the 
opening  o.  A  hollow  tube 
passes  through  the  middle 
of  the  reservoir  connect- 
ing the  upper  lid  with  the 
bottom.  This  horizontal 
bottom  does  not,  however, 
touch  the  vertical  walls  of 
the  vessel,  there  being 
between  it  and  the  lateral  walls  an  annular  interval  from  which 
the  water  flows  in  a  horizontal  direction. 

This  water  thus  streaming  out  sets  the  horizontal  wheel  with  its 
vertical  spokes  in  motion  ;  a  a  is  the  vertical  axis,  round  which  the 
wheel  tums,  passing  through  the  shell  connectmg  the  bottom  and 


160 


HORIZONTAL  WATER-WHEELS 


the  cover  of  the  reservoir.  To  this  axis  the  plate  b  b  i&  fastened, 
opposite  to  the  opening  of  the  reservoir  bearing  the  rim  of  the 
wheel  with  the  float-boards. 

The  float-boards  are  curved  as  seen  in  the  sectional  view  in 

no.  160.  y  o^'der, 

however,  to  make  the 
water  strike  the  float- 
boards  of  the  wheel  in 
the  most  advantageous 
direction,  conducting 
curves  made  of  tin  are 
fastened  to  the  plate  of 
the  reservoir  to  give  a 
detcnnined  direction  to 
the  water. 

It  would  detain  us 
too  long  were  we  to 
enter  into  a  particular 
description  of  the  most 
advantageous  curva- 
ture for  float-boards, 
and  conducting  curves.  Fumeyron^s  turbines,  if  well  constructed, 
ought  to  produce  an  effect,  amounting  to  75  p.  c.  of  the  absolute 
maximum.  Gadiat  has  simplified  them  by  leaving  out  the  con- 
ducting curves,  and  thus  lost  5  p.  c.  more  of  the  absolute  maximum 
effect,  so  that  his  turbines  still  yield  70  p.  c. 

Turbines  are  particularly  useful  for  high  falls  which  do  not 
admit  of  the  use  of  vertical  wheels. 

Attempts  have  been  made  to  enlarge  upon  the  Segner  water- 
wheel,  in  order  to  work  machinery  with  it,  but  hitherto  with  very 
little  effect ;  a  very  small  motive  power  being  invariably  produced. 
The  reason  of  the  want  of  success  attending  these  attempts  did  not 
arise  from  the  active  moving  power  being  too  small,  but  because 
the  lower  of  the  two  pivots  around  which  the  apparatus  turns  has 
to  bear  the  whole  weight  of  a  large  mass  of  water,  in  consequence 
of  which  there  is  a  disproportionally  large  amount  of  resistance 
from  friction  to  be  overcome. 

This  objection  has  been  ingeniously  set  aside  by  Althans  of 
Sayn,  who  has  made  such  an  alteration  in  the  apparatus,  that  the 
water  enters  the  horizontal  arms  from  below,  and  not  from  above. 
The  most  essential  part  of  arrangement  is  shown  in  Fig.  161.  The 
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reservoir  is  formed 
by  a    cast  iron 
conducting  pipe^ 
whidi  is  eamd 
horiwrntaUy  htkm, 
and  ends  in  a  ver- 
tically rising  piece 
of  tube  a*  From 
tlie  opening  at  a, 
the  water  flows  into 
the  neek  &  attached 
to  the  end  of  the 
tube  a  in  such  a 
oMPUier  that  it  can  turn  round  it  as  round  apivot.    The  water 
passes  thromg^  the  neck  b  into  the  horiaontal  am  e,  and  flows  oat 
tte  opoiings  at  o.  The  motion  of  the  whed  is  transmitted  by 
the  axis  d. 

The  friction  to  be  overcome  by  such  a  wheel  in  revolving  round 
the  pivot  a,  must  be  very  inconsiderable^  for  the  weight  of  the 
vheei  with  all  that  is  &8tened  to  it  is  almost  entirely  soj^orted  by 
die  pressiu'e  of  the  eolnmn  of  water,  so  that  the  pivot  a  has 

scarcely  any  pressure  to  sustain. 

In  the  apparatus  seen  at  Fig.  161,  a  large  portion  of  the  mecha- 
oical  moment  of  the  fall  must  be  lo^  from  reasons  similar  to  those 
liBetiiig  the  under-shot  wheel  with  flat  float-hoods,  for  if  the 
wstor  imparts  aU  its  velocity  to  the  wheel,  and  hSh  from  tiie 
openrngB  ^-ithout  any  velocity,  and  if,  therefore,  the  wheel  rotate 
w^ith  a  rapidity  corresponding:  to  the  operation  of  the  fall,  the 
pressure  backwards^  and  consequently  the  mechanical  effect  will 
fia.  lea.  be  nidi  also.   The  water  must  still 

retain  a  portion  of  its  velocity  of 
motion.  Much  may  be  p:ained  here 
by  curving  the  arms,  somewhat  in 
the  manner  represented  in  Fig.  162. 
The  water  imparts  its  velocity  g»- 
dnally  to  the  wheel,  'flowing  through 
the  tube,  and  pressing  against  the  cun  ed  walls,  so  that  it  falls 
It  the  openini^  almost  devoid  of  all  rapidity. 

In  Scotland  such  turbines  of  reaction  are  much  used,  on  which 
Bseomit  they  are  often  called  Scotch  turbines. 
WkUr»e^mim  Maehin$$, — ^In  these  machines  the  acting  column 
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of  water,  j)rc88ing  upon  a  piston  that  moves  in  a  cylinder,  imparts 
to  it  a  forward  and  backward  motion  which  is  farther  transmitted 
by  the  piston. 

Water-oolnmn  machines  are  generally  applied  for  the  porpose 
of  raising  water  to  a  considerable  height.   In  this  manner^  for 

instance,  the  salt  spring  at  Reichenhall  in  Upper  Bavaria  is  con- 
ducted by  a  circuitous  course  about  one  hundred  and  twenty  miles 
to  Rosenheinif  and  other  intermediate  places  for  the  pui-]>ose  of 
being  boiled.  On  this  road  there  are  nine  of  these  water-column 
machines,  oonstmcted  by  Bekkenbaek,  to  raise  the  springs  over 
the  mountainous  heights.  Although  all  these  madunes  d^end 
npon  the  same  principle,  their  mode  of  action  is  in  many  respects 
different ;  we  will  here  consider  with  attention  one  of  nine  of  those 
most  simply  arranged,  that  at  Ncssclyrabc. 

The  pipe  A  leads  the  impeiliug  water  to  the  machine,  it  enters 
alternately  into  the  upper  and  lower  part  of  the  ^hnder  where 
it  drives  Uie  piston  C  alternately  up  and  down. 

In  order  to  produce  this  alternation,  on  the  entrance  of  the  water, 
an  arrangement  has  been  applied  precisely  similar  to  the  contrivance 
used  for  governing  steam-engines.  Three  connected  pistons  move 
in  the  cylinder  d,  the  two  lower  ones  are  alike,  while  the  upper 
one  has  a  smaller  diameter. 

In  the  position  of  the  piston  as  represented  in  the  drawing,  the 
impdling  water  passes  through  the  pipe  e  into  the  large  cylinder, 
and  raises  the  piston  C.  The  water  above  C  flows  through  the  pipe 
/  into  the  pipe  d,  and  from  thence  passes  away  through  the 
pipe  g. 

When  the  piston  C  is  raised,  the  pistons  must  be  so  displaced 
in  the  tube  d,  that  now  the  impelling  water  may  eater  the  large 
cylinder.  This  is  effected  by  the  pistons  descending  fat  m  d, 
that  the  piston  t  stands  bebw  the  tube/ and  the  piston  m  below 
e ;  then  the  impeiling  water  passes  from  tlie  tube  A  tiuougli  h 
and  /  into  the  upper  part  of  the  cylinder  B,  drives  down  the  piston 
C,  whilst  the  water  ])clow  C  passes  through  e  into  the  tube  rf, 
flowing  off  through  the  tube  g. 

The  elevation  and  depression  of  the  pistons  in  the  tube  d  is  efifected 
in  the  foUowmg  manner.  The  tube  A  is  oonnectod  by  the  tube  » 
with  the  upper  part  of  the  tube  d:  at  the  joint  of  the  tube  »,  a  cock 
r  is  applied,  whidi  according  to  its  position  at  one  time  connects  the 
upper  part  of  the  tube  d  with  A,  and  at  another  cuts  off  this  connec- 
tion and  puts  the  upper  part  of  the  tube  d  in  communicatioQ  witU 
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he  external  air.  If  now  we  suppose  the  cock  to  be  so  placed  that 
he  impelling  water  can  enter  from  h  by  means  of  this  cock  into 
he  upi>er  part  of  d,  the  piston  8  will  be  pressed  upon  above  and 
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below  by  an  equal  power  of  water  ;  besides  tbis,  the  water  presses 
above  on  the  piston  i,  below  on  the  piston  m;  the  pistons,  therefore, 
are  exposed  to  equal  water-preasure  from  above  and  below,  and 
descend  by  their  own  weight. 

'When  the  piatona  are  to  me,  the  cock  r  iei  so  arranged  that  the 
oommimication  between  k  and  the  upper  part  of  if  ia  interrupted. 
Now  no  pressure  of  water  acts  upon  s,  the  water  above  s  escaping 
from  the  machine  by  the  cock.  The  water-pressure  from  above 
against  i  is  counteracted  by  the  pressure  from  below  against  to, 
and  the  pressure  of  the  water  from  below  s,  to  which  there  is  no 
counter  pressure,  ruses  the  pistons. 

The  turning  of  the  cock  is  effected  by  the  machine  itaelf .  At 
the  upper  end  of  the  rod  fastened  to  the  piston  C,  a  round  disc  is 
applied,  which  strikes  against  the  oblique  surface  /  on  the  rising 
of  the  piston,  and  against  the  oblique  surface  u  on  its  sinking, 
pushing  them  sideways,  and  thus  causing  a  revolution  about  the 
axis  The  arm  y  is  fastened  to  this  axis,  and  the  arm  by  its 
rotation,  causes  the  cock  to  turn. 

Let  us  now  further  consider  how  the  motion  of  the  piattm  e  is 
transmitted  and  applied  to  the  other  parts. 

The  piston  a  is  connected  with  the  piston  C  by  means  of  a  rod 
passing  through  a  stuffing  box,  and  has  a  mucli  smaller  diameter 
than  C,  the  elevation  and  depression  of  the  piston,  cause,  therefore, 
a  abnihir  motion  in  the  piston  a ;  but  when  a  rises,  a  rarefaction  oi 
air  takes  place  in  the  chamber  b,  the  lower  valve  opens,  and  water 
is  raised  through  the  suction  pipe  iVinto  the  chamber  b.  By  the 
rising  of  the  piston  a,  water  is  pressed  into  the  chamber  c,  the 
lower  valve  closes,  the  upper  one  opens,  and  the  water  is  thus 
raised  through  the  piston  into  the  reservoir  and  from  this  into 
the  ascending  pipe  ^S^. 

On  the  descent  of  the  piston,  the  valves  which  were  open,  <doae^ 
uadvieevena:  water  is  sucked  up  into  the  chamber  c,  and  raiaed 
frpm  b  into  the  reservoir,  and  the  ascending  pipe. 

If  the  diameter  of  the  piston,  C,  be  two,  three  or  four  times 
greater  than  that  of  the  piston  a,  we  may  raise  a  column  of  water 
(disregarding  friction  and  other  impediments)  two,  three,  or  four 
times  as  high  as  the  height  of  the  impelling  water. 

In  the  water-column  madiinea  we  have  been  considering  the  height 
of  the  impdling  water  is  140  feet,  it  raises  the  brine  to  a  heig^ 
of  846  feet,  hut  this  column  of  salt  water  corresponds  to  a  cohnnn 
of  fresh  water  of  397  feet ;  the  diameter  of  the  piston  C  is  20 4, 
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that  of  the  piston  a  10  inches^  the  larger  one  having  almost  four 
times  as  great  a  diameter.  The  reason  of  the  height  of  the  raised 
ec^umn  of  water  not  being  four  times  greater  than  the  height  of 
the  impelling  water  that  is,  not  560  feet,  is  owing  to  a  oonsideiable 
lloioe  being  necessary  to  overcome  friction  and  other  resistances. 
This  machine  yields,  therefore,  about  70  per  cent,  of  the  absolute 
maximum,  for  397  is  to  560  nearly  as  70  to  100. 

The  water-column  machine  at  Jlsang,  also  between  ReichenhaU 
and  Roseniem,  which  is  somewhat  differently  constructed^  raises 
the  spring  to  an  elevation  of  1218  feet,  eqval  to  the  raising  of  a 
cohimn  of  fresh  water  to  a  height  of  1460  feet  The  diameter  of  the 
larger  piston  is  25  feet  8  lines,  that  of  the  smaller^  11  feet  8}  lines. 

Great  diflficulties  present  themselves  in  converting  the  backward 
and  forward  motion  of  the  piston  in  these  water-column  machines 
mto  an  uniformly  circular  motion,  as  seen  in  steam  engines, 
owing  to  the  water  not  bemg  elastic  like  steam.  But  Reichenbaek 
baa  ingenioasly  met  this  difficulty  in  the  oonstmetion  of  a  small 
machine  at  Timemut,  by  applying  a  gaidmg  or  directing  piston ;  we 
cannot,  however,  here  enter  further  into  the  consideration  of  this 
subject. 
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If  a  gas  be  enclosed  in  a  vessel  having  any  kind  of  opening,  it 
will  escape  through  the  opening  as  soon  as  the  gas  in  the  vessel  is 
mo^re  strongly  compressed  than  the  air  in  the  space  communicating 
with  the  aperture.  The  laws  of  the  passage  of  gases  through 
openings  in  thin  walls,  and  through  conducting  pipes  are  analogous 
to  those  bodies  of  liquid  with  which  we  have  become  acquainted. 
The  term  gasometer  is  apphed  to  an  apparatus  serving  to  maintain 
a  constant  discharge  of  gas. 

In  chemical  laboratories^  the  form  most  commonly  used  for 
pio.  164.  gasometers  is  represented  at  Fig.  164.  A 

is  a  cylinder  of  lacquered  tin,  about  16  to 
18  inches  in  height^  and  10  to  12  inches 
in  diameter,  having  its  upper  cover 
vaulted.  On  this  cover  stands  a  second 
cylinder  jB,  open  at  the  top,  resting 
upon  three  supports,  and  only  J  of 
the  height  of  the  lower  one.  The  upper 
cylinder  is  connected  with  the  lower  by 
means  of  two  tubes,  of  which  the  one  h 
is  exactly  in  the  middle  of  the  cover.  This 
must  not  quite  enter  the  lower  cylinder.  A 
second  connecting  tube  a  reaches  almost 
to  the  bottom  of  the  lower  cylinder.  In 
each  of  the  tubes  there  is  a  cock,  by  means 
of  which  we  may  at  pleasure  establish  or 
interrupt  the  communication  of  the  two 
cylinders.  At  c  there  is  a  short  horizontal  tube,  which  may  also 
be  closed  by  a  cock,  and  to  which  a  screw  is  attached,  in  order  to 
admit  of  other  pipes  and  openings  being  connected  with  it.  Near 
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tlie  bottom  of  the  lower  cylinder,  there  is  an  opening  at  d  directed 
upwards,  that  may  be  closed  by  meana  of  a  acrew  or  cock.  If  we 
wnh  to  fill  tlie  knrer  cylinder  with  a  gaa,  we  fint  fill  it  with  water 
in  the  IbDowing  manner.  Hie  oipening  at  d  nmit  be  doeed,  the 
three  cocks  opened,  and  tlu  n  water  poured  into  the  nppcr  vessel. 
The  water  flows  into  the  lower  cylinder,  and  as  soon  as  this  is 
^led  to  e,  we  cloae  the  cock.  The  remainder  of  the  air,  still  in  the 
eylinderj  eMaqpeathvoni^  the  tube  A.  Whoi  the  lower  eylindor  ia 
thva  filled  widi  water,  the  eodoi  of  the  eonneeting  pipes  are  doeed, 
and  the  screw  or  cork  at  d  taken  off.  Water  cannot  flow  from 
hence  because  no  bubbles  of  air  arc  able  to  enter.  But  if  we  insert 
a  gas  conducting  tube  at  d,  the  water  will  flow  out  in  its  vicanity,  . 
whilst  bnbUea  of  gaa  eoutinnaBy  aaeend  fipom  it  into  the  n^per  part 
ofthereeemr*  Inthbinanner,  the  kwer  cylinder  filkitodf  more 
and  more  with  gas.  We  may  see  how  far  the  cylinder  is  filled 
with  gas  by  the  glass  tube  /,  which  is  so  connected  above  and 
below  with  the  vessel,  that  the  water  stands  as  high  m  it  as  in  the 
cylinder* 

When  the  whole  leeerroir  ia  filled  with  gas||  the  opening  at  d 
k  dosed,  and  the  eoek  of  the  eonneeting  tnbe  m  k  opened.  As 

si>on  as  the  cock  e  is  opened,  the  gas  escapes  with  a  rapidity 
corresponding  to  the  pressure  of  the  column  of  water  in  the  tube  a« 
Lai^  gasometers  need  for  gas  illumination  are  constructed  on 
a  difaant  pvineipk^  a  eylinder  dosed  at  the  top  dipa  into  a  large 

reserfuir  filled  with 
water,  (Fig.  1G5). 
This  cylinder  is 
made  of  tin,  is  ten 
metres  in  diameter, 
eontaina  100  cnbie 
metres  of  gas,  and 
weighs  as  we  will 
assume  10,000  kilgr. 
It  does  not  sink  in 
the  water,  in  eonee- 
quenee  of  its  being 
filled  with  gas;  but 
its  whole  weight 
presses  upon  this 

gM  with  a  fbree  greater  than  the  pressoie  of  the  atmosphere. 
Aecorfing  to  our  asaomptioB,  tUa  eieeoB  of  presanre  aaMNiiita  to 
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10,000  kilogr.  upon  a  circular  area  of  ten  metres  in  diameter, 
which  is  about  equal  to  the  pressure  of  a  column  of  water  of 
13  centimetres ;  the  water  must,  therefore,  stand  13  centimetres 
higher  without  than  within  the  cylinder. 

Ascending  from  below,  a  pipe  passes  into  the  cylinder,  having 
its  upper  open  end  above  the  level  of  the  water ;  this  pipe  separates 
into  a  number  of  narrower  ones,  leading  to  the  mouths  of  the 
separate  gas  pipes,  from  which  the  gas  pours  out  with  a  velocity 
corresponding  to  the  pressure  in  the  gasometer.  This  velocity  is 
constant,  because  the  gasometer,  even  though  it  sank  more  deeply 
into  the  water,  only  loses  a  little  of  its  weight,  as  it  is  only  the  wall 
of  the  gasometer  that  is  here  to  be  taken  into  account.  The 
pressure  upon  the  gas  is  modified  and  regulated  by  a  counter  weight. 
In  order  to  fill  the  gasometer,  the  cock  in  the  distributing  pipe 
is  closed,  while  the  cock  of  another  pipe  is  opened,  connect- 
ing the  interior  of  the  gasometer  with  the  apparatus  in  which  the 
gas  is  prepared. 

Blowers  or  blowing  machines  of  various  modes  of  construction  are 
used  in  forges.  The  most  applicable  kind,  and  that  now  generally 
used  is  the  cylindrical  blower  as  represented  at  Fig.  166.  In  a  well 


pio.  166. 


bored  cast  iron  cylinder  A,  in  which  an  air-tight  piston  C  may  be 
moved  up  and  down,  the  piston-rod  a  passes  air-tight  through  the 
stuffing  box  in  the  centre  of  the  upper  cover.  Tlie  upper  and  lower 
parts  of  the  cylinder  communicate  at  the  opening  b  and  d,  with 
the  external  air ;  while  the  openings  at  g  and/ convert  the  cylinder 
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vith  a  square  box  E.  At  b  and  d  arc  valves  opening  inwards,  at 
rand / valves  opening  outwards.  Wiieu  the  piston  descends,  the 
ilf^  st  d  dowMj  while  that  si  /  GftOMf  sll  the  tir  beiii^p  driyeii 
rom  the  kmer  pert  of  the  eyfinder  into  the  ipeee  B.  Bat  in  the 
neen  while  the  valve  at  p  is  closed,  while  the  air  presses  through 
he  valve  at  b  from  w  ithout  into  the  upper  part  of  the  cylinder. 
Alien  the  piston  again  riseSy  b  closes,  and  all  the  air  forced  in  by 
he  descent  of  the  piston  is  canned  throogph  the  opening  at  into 
he  bond,  while  /  is  doaed,  andthennderpart  of  Aei^lindcr  is 
igain  ffled  with  air  passmg  through  the  open  vahe  d.  The  air 
-ompressed  in  E  passes  to  the  space  occupied  by  the  fire  through 
I  tube  applied  at  m. 

The  veloeify  of  the  piston  is  greatest  when  it  passes  the  middle 
if  the  efHaiat,  it  diminishea  the  mote  the  piston  approachea  the 
ipper  or  lower  Unit  of  ita  oonrse.  Henee  it  Mlows  that  the  blast 
rieldcd  by  such  a  cylinder  does  not  pass  out  in  an  uniform  manner 
it  m.  As,  however,  an  uniform  current  is  necessary  for  most 
melting  processes^  care  must  be  taken  to  regulate  it.  This  is 
iffscted  either  by  applying  three  eylindera  to  the  same  air  box  B, 
rhose  pktona  do  not  sinmltaneooBly  pass  the  middle  point  of  their 
mirse ;  or  by  suffering  the  air  to  enter  from  E  into  a  receiver, 
vhose  area  is  very  large  in  proportion  to  the  volume  of  the 
cylinder.  The  larger  this  air  receiver  is^  which  ib  termed  the 
emulator,  the  less  influence  will  the  inogohfity  of  themofementsof 
he  piston  eiereiae  upon  the  regularity  of  the  ennent  of  air  passing 
mt  of  the  regulator. 

As  regulator  for  a  blower  there  is  used  cither  an  air-tight 
>alloon  of  sheet  iron,  whose  contents  are  from  forty  to  iifty  times 
M  large  as  that  of  the  cyUnder,  or  else  the  water  regulator  r^re- 
wnted  at  Fig.  167,  which  is  quite  identieal  in  ita  nature  with  the 
no,  167.  gasometer,  as  used  for  gas  lighting. 

In  the  box  B  consisting  of  iron  plates 
secured  together  so  as  not  to  admit  of 
the  entrance  of  air,  and  whose  con* 
tenta  ftr  exoeed  thoae  of  the  qrlinder, 
the  air  pours  through  the  tube  D 
from  the  cylinder,  escaping  through 
he  tube  C.    The  air  in  the  box  B  is  enclosed  below  by  water, 
vhose  level  r  r  necessarily  stands  lower  within  the  box  than  the 
nufue  V  V  without. 
On  the  diffiBienee  of  the  heights  of  the  leveb  of  the  water 
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depend  the  degree  of  compression  of  the  air  at  B,  and  the  velocity 
of  the  discharge  through  the  tube  c. 

In  order  to  determine  the  pressure  of  the  air  in  the  different  parts 
of  the  blowing  apparatus^  a  manometer  is  used,  which,  when  applied 
to  this  especial  purpose,  is  termed  a  wind-measurer.  A  section  of  a 
very  well  constructed  instrument  of  this  kind  is  represented  at 
Fio.  168.  Fig.  168.  An  hermetically  closed  block-tin 
box  is  partly  filled  with  water.  A  tube  a 
passes  through  the  bottom  of  the  box,  having 
a  screw  below,  by  which  it  may  be  secured  to 
the  blower.  The  apparatus  communicates  by 
means  of  this  tube  with  the  upper  part  of  the 
tin  box,  where  the  air  is  consequently  as 
strongly  compressed  as  in  that  portion  of  the  ap- 
paratus to  which  the  wind-measure  is  screwed. 
A  graduated  glass  tube  b  is  connected  with 
the  lower  part  of  the  tin  box.  Water  is 
poured  through  an  opening  in  the  cover  of  the 
box,  until  the  water  in  the  tube  stands  exactly 
at  zero  of  the  graduated  tube,  when  the  open- 
ing is  closed  by  a  cork  stopper.  As  soon  as 
the  air  is  compressed  in  the  upper  part  of  the 
tin  box,  the  water  rises  in  the  tube  without 
any  marked  sinking  of  the  level  of  the  water 
within  the  box ;  the  rising  of  the  column  of 
water  above  the  zero  point  of  the  glass  tube  indicates,  therefore,  the 
pressure  sustained  by  the  air  within  the  apparatus.  By  means  of 
the  cock,  the  communication  between  the  tin  box  and  the  glass  tube 
may  be  interrupted  at  pleasure. 

The  most  simple  form  of  the  bellows  is  sufficiently  well  known, 
but  with  bellows  thus  constructed,  we  are  unable  to  engender  a 
continuous  current  of  air,  such  as  is  necessary  in  forges  and  in 
chemical  laboratories.  For  such  purposes  compound  bellows  are 
used,  as  represented  at  Fig.  169.  If  the  upper  division  a  of  such 
bellows  be  fiDed  with  air,  compressed  by  the  weight  resting  upon 

the  upper  cover,  it  can  only  es- 
cape by  the  opening  at  c,  for 
the  value  between  a  and  b  closes 
as  soon  as  the  air  becomes  more 
strongly  compressed  in  a  than 
in  b.    When  the  lower  surface 
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f»f  the  space  b  ri^ics,  the  air  is  compressed  in  b,  raises  the  valve 
leading  to  a,  and  presses  into  the  upper  apace.  On  the  dBftfamt 
<tf  Hm  loM*  mkt,  4iw  filve  belipaBD  «  wd  ^  cIom;  tte  vahre 
eotfummiaiting  fimni  I  wMi       nr  opens,  6  is  agun  liBed 

with  air,  whieh  is  again  forced  into  the  upper  space.  It  wiH 
be  readily  understood  that  the  pouring  forth  of  air  from  a 
through  the  opening  c  is  not  interrupted  while  b  supplies  itself 
wHliair. 

Lmv9  9§  ike  fim  tf  (TcMf .— The  Mine  bwt  apply  to  tlie 
Tekdljr  of  tiM  eflwt  of  gaaee  tint  we  have  given  fbr  Sqiiiday 

lhat  is  to  say  the  velocity  of  the  efflux  is 

if  s  repiewmt  the  height  of  pmrare.  Here,  however,  9  is  a  mag- 
iiitiide  not  4ueetljr  given  hj  obeeralaoii  as  Ibr  Uqdd  bodies;  « 
dmgnates  the  height  of  the  eolnnni  of  ftiid>  wiiose  pressnfe 

occasions  the  discharge,  and  which  is  of  the  same  nature  and 
density  as  that  flowing  out.  Gases  contained  in  a  vessel  arc  not, 
however^  at  any  time  compressed  by  a  eolumn  of  air  of  e^ual 
densky,  and  well  defined  height,  for  even  if  the  gas  were  only 
ceaipwBsed  by  the  pressnre  of  the  atmosphere,  the  eohmm  of  afar 
producing  this  result  is  neither  of  uniform  density,  nor  measurable 
heitrht.  Therefore,  even  in  this  case,  5  cannot  be  directly  obtained 
from  observation.  The  pressure  driving  the  air  from  a  reservoir  is, 
however,  nsnany  measined  by  the  height  of  a  column  of  water, 
or  meiemy,  diserved  by  means  of  a  manometer*  The  vabe  of  t 
which  must  be  sobstitnted  in  the  above  farmiila  for  the  velocity  of 
the  discharge,  may  therefore,  always  be  computed  from  the  cir- 
cumstances observed. 

The  snnpkst  case  that  can  be  adduced  is  that  of  air  being  forced 
mto  a  MMMMi  by  atmoiphene  prcssnie*  The  medium  sftmoiipheric 
pfemmre  equipoiies  a  eolimm  of  walsr  foet  in  height,  or 
10,4  metres.  But  the  density  of  the  air  having  to  sustain  this 
uiedium  pressure  is  770  times  less  than  that  of  water;  a  eolumn  of 
air,  therefore,  having  this  density  throughout,  must  have  a  height 
of  770x10^4  sx  8008  me^  to  eonntcqwies  the  pressnre  of  the 
atmosphere.  Vor  ttis  ease,  therefore,  #  »  8006^  and  ecmsequently 
c=  v/ 2x9,8. 8008  =  396". 

If  the  air  pour  into  a  vacuum  from  a  reservoir  in  whieh  it  has 
only  been  compressed  by  the  pressure  of  half  an  atmosphere,  the 
veloeity  of  the  discharge  will  be  preeisely  as  great  as  in  the  hst 
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case,  namely  896™.  The  reason  of  this  is  easily  understood,  fcr 
ahhough  the  dischariro  is  produced  here  by  a  pressure  of  only  halt 
the  (quantity  ia  the  former  case,  the  air  Ho  wing  out  has  here  oiki| 
half  the  denntf.  Beaidea  the  vdoesfcj  with  whkh  the  air  wwAm 
into  a  Taeanm  ia  ahraya  the  Mme,  whilat  ike  prcamw.  on  lAoA 
this  velocity  depends  may  be  very  various. 

If  the  discharge  be  directed  towards  a  space  already  containing 
air^  although  of  ioconaiderable  tension,  the  tendency  to  eacape 
neeeasarily  depend  upon  t^ie  diffiofenee  of  the  two  tensimia.  If 
we  deaignat4^  thia  diffiBvenoe  by  a  oofamm  of  air  of  the  height  B, 
and  of  the  denaity  of  air  mm  eompretarfj  the  irdocaty  of  the 
discharge  will  be 

We  will  endeavour  to  determine  the  value  of  in  a  ease  what 
air  more  eonyieiaed  ia  diachaiged  into  atanoqphenc  air  of  Ik 
ordinary  tension.   Let  the  eomprcsaion  of  the  air  in  the  tckt- 

voir  be  measured  by  a  column  of  water,  whose  height  we  wiD 
designate  by  h.    Tliis  height  h  gives  the  differi  nee  between  the 

of  the  inner  and  the  outer  air,  and  we  have  only  to  deter-  j 
mine  what  mnat  be  the  hei^t  of  a  eohimn  of  air  of  the  diuaii|  cf 
the  air  in  the  reaervmr,  to  coaUe  it  to  eonnteirpoiae  a  eohoaa  cf 
water  of  the  height  A. 

If  we  had  to  do  with  air  of  medium  atuiosjjhenc  pn- 
sure,  we  might  substitute  a  column  of  air  of  the  height  ol 
770  4  the  oolmnn  of  water  of  the  height  A.  In  arte, 
however,  to  equipoiae  the  aame  ecdnmn  of  water  wa  wmttz 
column  of  air  of  smaller  height  if  the  air  be  denser,  the 
requisite  height  bearing  an  mverse  relation  to  the  density  of  the 
air. 

Atmoaj^nc  air  of  average  pressure  whioh  ia  770  tinea  h|^ier 
than  water,  ia  hkewiae  eompwaeed  by  a  oohann  of  water  of     fat  | 
or  10,4  metres,  whoae  hdght  may  be  deaignaled  by  b,  whilst  iSka 

air  in  the  reservoir  has  to  sustain  the  pressure  of  a  coluuin  of  uater 
of  the  height  h'  -\-hy  if  b'  designate  the  height  of  a  column  ol;  water 
corresponding  exactly  to  the  then  heighth  of  the  barometer.  TV 

denaity  of  air  of  average  preasore  is,  therefore^  to  the  denaify  of  Ihr 
air  in  thereaervoir  aa^.'^+Jt,  the  air  in  the reacrroir  ia,  thewfcn, 

^-y^  timea  aa  denae  aa  the  air  of  average  atmoqiheric  pn  man, 

instead,  therefore,  of  a  column  of  air  of  the  height  of  770  A«l 
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Ylis  more  rarefieil  mr,  we  must  substitute  a  column  of  the  height 
^^•^•*of  thi.  more  rarefied  air,  «id  ihi.  value  of 


b'-hk  '   i& -hA 

re  most  put  in  the  above  equation  in  the  plaee  of  if ;  for  a 

oluum  of  air  of  the  height        ^  ,  and  the  density  of  the  air  in 

lie  resen  oir  would  entirely  counterpoise  the  column  of  water  oi' 
kke  height  A.   The  velocity  of  the  e^yiux  is,  therefore,  in  this 


We  should  obtain  the  quantity  discharged  in  a  second  if  we 
niiltiphcd  the  area  of  the  opening  by  this  value  of  c,  provided  that 
hj&  particles  of  air  flowed  out  in  every  part  of  the  diagonal 
MM^on  with  eqinal  velocity.  The  qnanti^  discharged  in  /  seconds 
romld  be  aceciding  to  tlds 

Experience^  however,  shows,  as  we  have  seen  in  liqnid 
wdns^  that  the  aetnal  quantity  discharged  is  hr  smaller  than 
irhaA  is  yMded  by  theory,  and  we  mnst  nraltiply  tiie  theore- 

ical  quantity  by  a  dctiuitc  factor  /i  in  order  to  obtain  the  actual 
iiuourit. 

For  water^  this  fiEMstor  is  0^64,  and  is  almost  entirely  inde- 
pendent of  the  hei§^t  e£  the  pressiire^  ineieasing  only  very 
inoonndaably  when  the  height  of  the  pressure  diminishes.  For 

sfBses,  however,  the  vahie  of  ^  is  very  variable.  According  to 
Schmidt,  who  was  the  first  to  direct  particular  attention  to  this  sub- 
ject, ^  is  equal  to  0^2  at  a  height  of  pressure  of  three  feet  (water) ; 
irliile  d^Aubum<m*8  experiments  yield  the  value  of  as  equal  to 
0,65  at  liei§^  of  pranoie,  varying  between  firom  0,1  to  0,6 
of  a  foot. 

The  difFcrence  between  the  theoretical  and  actual  quantity 
discharged  depends  upon  causes  analogous  to  those  aiSectiug 
liquid  bodies  and  we  may^  therefore^  conclude  that  a  con- 
ifwMo  9mm  mnst  oeeor,  although  it  does  not  admit  of  direct 


Cylindrical  as  well  as  conical  conducting  pipes,  whether  the 
wide  opening  be  turned  inwards  or  outwards,  increase  the  quan- 
tity of  the  gas  discharged. 

LgUnd  prmnre  iff  Qam  m  the  fiowmg  onU,  —  When  air 
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moves  througli  oondaciiDg  tabes,  there  is  a  resistance  to  lie 
overeome  from  frietion,  for  which  a  portion  of  the  tensioii  of  the 
oompressed  gas  most  be  employed,  and  thus  be  lost  to  the 

motion. 

The  pressure  sustained  by  the  walls  of  the  tube  from  the  tension 
of  the  air  passing  through,  diminishes  in  proportion  as  it 
approaches  its  mouth,  as  we  may  see  by  applying  manometers  to 
diffeient  parts  of  the  tube.  This  is  quite  analogous  to  the  pheno> 
mena  observed  in  the  motion  of  liqaids  passing  through  conducting 
tubes. 

The  phenomenon  of  suction  takes  place  in  the  motion  of  gases 
precisely  in  the  same  maimer  as  in  the  efflux  of  Hquids.  If  we 
make  an  opening  of  one  or  two  inches  in  diameter  in  the  bottom  of 
a  vessel  containing  compressed  air^  the  air  will  esci^^  with  great 
force.  If  we  connect  a  disc  of  wood  or  metal^  sevoi  or  eight 
inches  in  diameter  with  the  openings  it  wOl  not  be  puahed 
off  after  the  first  resistance  has  been  overcome,  it  will  oscillate 
quickly,  approaching  and  retreating  from  the  opening  within  very 
short  intervals.  The  air  in  the  mean  time  will  escape  with 
much  noise  between  the  disc  and  the  wall.  On  attempting  to 
remove  the  disc,  we  must  use  as  much  force  as  if  it  were  cemented 
fost  to  the  wall. 

This  phenomenon  is  explained  in  the  following  manner:  the 
stream  of  air  leaving  the  opening  must  spread  itself  in  a  thin  layer 

between  the  disc  and  the  wall,  (Fig.  170).    The  density  remaining 
wiQ,  170.  unchanged,  it  must  extend  in 

proportion  as  it  approaches  the 
r^^^.^.™    edge  of  the  disc ;  it  finds  itself 
consequently  in  the  same  case  as 
MUtKHtSttSBiMtiS^^^Bi    n  liquid  stream  which  is  to  fill 

up  the  constantly  increasing  diagonal  section  of  a  conical  conducting 
pipe.  Between  the  disc  and  wall,  a  vacuum  is  formed,  inconsequence 
of  which  the  atmospheric  air  pressing  from  below  against  the  disc 
forces  it  against  the  wall. 

We  voBSj  make  this  experiment  on  a  small  scale  by  blowing  air 
with  the  mouth  through  a  tube  at  the  end  of  which  is  a  flat  smooth 
disc  If  we  put  a  card  while  blowing  to  the  opening  of  the  tube 
in  the  middle  of  the  disc,  we  shall  observe  the  above  mentioned 
phenomenon. 

r-'  Fnraday  has  suggested  the  most  simple  mode  of  making  this 

^HKai>erimeut.    On  laying  the  fingers  of  the  open  hand  closely 
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together,  a  series  of  intervals  will  still  remain  from  joint  to 
joint;  whilst  the  hand  is  held  thus  horisontally,  with  the  palm 
tamed  downwards,  we  must  apply  the  lips  to  the  space  intervening 

between  the  index  and  nuddlc  finger  (near  the  r(x>ts),  and  blow 
with  as  much  force  as  possible.  If  then  a  piece  of  paper,  of  three, 
or  four  square  inches  be  applied  to  the  opening,  through 
iHiich  this  current  of  air  passes,  it  will  neither  be  blown  away 
by  this  cnrrenty  nor  will  it  fall  by  its  weight  until  we  cease 
Mowing. 
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SECTION  IV%x  s 

ACOUSTICS. 


CHAPTER  I. 

LAWS  OP  THE  MOTION  OP  WAVES  IN  OENBRAL^  AND  ESPECIALLY 

OF  WAVES  OF  SOUND. 


no.  171. 


Vibratory  Motion, — If  a  pendulum  be  brought  out  of  its  position 
of  equilibrium,  and  then  left  to  itself,  it  will  in  the  first  place  be 
carried  back  to  a  state  of  equilibrium  by  its  gravity,  but  havuig 
retunied  to  that  point,  it  cannot  remain  at  rest,  because 
it  reaches  it  with  a  velocity,  that  drives  it  out  of  its  position  of 
equilibrium ;  and  hence  the  pendulum  makes  a  number  of  oscilla- 
tions, the  laws  of  which  we  have  already  mentioned. 

The  mutual  position  of  the  particles 
remains  unchanged  in  the  motion  of  the 
pendulum.  If,  however,  the  relative 
position  of  the  particles  of  a  body  be 
disturbed  by  any  external  cause,  and  if 
any  forces  be  present,  tending  to  restore 
the  original  state  of  equilibrium,  they 
will  also  take  up  an  oscillatory  motion, 
which  differs  essentially  from  the  motion 
of  the  pendulum  by  the  mutual  position 
of  the  particles  changing  every  moment ; 
we  have  here,  therefore,  to  consider  not 
only  the  oscillatory  motion  of  an  indivi- 
dual particle,  but  also  the  changes  in 
the  relative  positions  of  the  particles. 
The  oscillatory  movement  of  the  indi- 
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ndful  parts  of  a  body  may  be  of  such  a  kind  that  all  particles 
funnltaneously  come  into  motion,  simultaneously  pass  the  point  of 
equilibrium,  simultaneously  reach  the  maximum  of  their  oscilla- 
tion, and  simultaneously  begin  their  retrograde  motion.  Such  are 
the  vibratioDs  of  a  steel  bar  fjBsteoed  at  one  end.  Fig.  171,  and 
Fio.  172.  ^  ^        extended  between  two  fixed 

^      points  (Pig.  172).   Such  vibratimis  are 

"  —  '  termed  by  Weber,  '^standing  vibrations.'^ 

  If  the  motions  of  the  individual  parts 

arc  of  such  a  kind  that  vibratory  motion  proceeds  from  one 
particle  to  another,  so  that  each  makes  the  same  oscillations  as  the 
preceding  one,  with  the  sole  exception  of  the  motion  b^;inning 
hter,  we  have  pro^mthe  mbraiumt.  By  progressive  vibrations, 
waves  are  formed.  The  motion,  the  advance  of  the  wave,  is  to  be 
regarded  at  essentially  distinct  firom  the  oscOlationa  of  individual 
parts. 

Examples  of  wave-motion  are  afforded  by  a  quiet  surface  of 
water,  on  which  we  drop  a  stone ;  by  a  long  tense  line,  near  one 
end  of  which  we  strike  with  a  sharp  blow,  the  waves  of  sonnd  in 
the  air,  &c.,  we  will  consider  these  varioos  wave-motions  more 
particularly. 

The  vibratory  motions  may  be  greater  or  smaller,  according  to 
the  cause  of  the  disturbance  of  the  equilibrium,  and  the  nature  of 
the  force,  striving  to  restore  the  particles  to  their  former  condition 
of  equilibrium ;  so  that  the  external  form  of  the  body  may  in  conse- 
quence suffer  either  weU-marked  or  inconsiderable  changes;  the 
vibrations  may  be  slower  or  fiurter ;  they  may  be  so  slow  as  to 
enable  us  to  follow  them  with  the  eye,  and  coont  the  several 
oscillations ;  while  on  the  other  hand  they  may  be  so  fast  as  no 
longer  to  admit  of  being  distinguished. 

If  the  vibratory  motion  of  a  body  exceed  a  certain  degree  of 
velocity,  its  combined  effect  may  produce  a  certain  impression  by 
creating  undulatory  motions  in  the  surrounding  media,  by  means 
el  which  they  are  conveyed  to  peculiarly  adapted  organs  of  sense, 
occasioning  to  these  latter  a  diaracteristie  sensation. 

Thus  vibrations  whose  rapidity  lies  within  certain  limits,  which 
we  purpose  speaking  of  more  fully,  occasion  waves  in  the  air,  or 
in  other  elastic  media,  which  consisting  in  alternate  condensations 
and  rare&ctions  are  conveyed^  to  the  ear,  and  received  by  that 

Incomptiably  move  rapid  vibrations  of  the  partides  of  a  body 
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conveyed  to  the  eye  produce  the  impresrion  of  Ug^t  hy  meauB  of 
the  undulatory  motion  of  a  peculiarly  elastic  fluids  which  we  tenn 
ether. 

As  the  vibrations  of  sound  as  well  as  those  of  light  are  trans- 
mitted by  undulatory  motiona^  we  will  at  once  proceed  to  consider 
the  moat  unportaat  laws-  connected  therewith,  beginning  with 
water  wwvec,  aa  iir  them  ia  incorporated  the  idea  of  a  wave,  and 
hecanae  a  r^t  comprehenaion  of  these  will  help  to  ielucidate  other 
undulatory  motions,  as  for  instance,  sound-waves,  which  fiuniah 
especially  interesting  matter  of  consideration. 

Water-waves. — If  we  throw  a  stone  into  the  water,  circular 
waves  will  be  formed^  spreading  themselves  from  a  centre 
(the  spot  where  the  stone  fell)  in  all  directions  with  unifbrm 
velocity  when  unoppoaed  hy  any  impediment.  The  wavea  oonairt 
of  alternate  devationa  and  depressicms  succeeding  each  other 
pretty  q^uickly^  and  continuing  to  spread  outward  from  the 
centre. 

When  a  wave  elevation  proceeds  outward,  the  individual  particles 
of  water  do  not  share  in  this  advancing  motion,  for  we  see  when  a 
piece  of  wood  swims  on  the  water,  that  it  is  alternately  raised  and 
lowered  aa  the  wave  elevationa  and  depresabna  uniformly  g^ida 
away  frmn  under  it. 

The  force  by  which  the  water-waves  arc  propagated  is  gravity, 
for  if  from  any  cause  an  elevation  or  a  depression  be  produced  on 
the  horizontal  surface  of  the  water,  the  gravity  of  the  separate 
partidea  of  water  will  endeavour  to  restore  the  disturbed  horiaoutal 
plane,  hy  which  meana  an  oscillatory  motion  is  produced,  which 
hy  degrees  is  propagated  from  one  particle  to  another. 

As  soon  as  regular  waves  have  heen  formed,  the  separate  partidea 
of  water  on  the  surface  describe  during  the  advance  of  the  wave 
curves  returning  into  themselves,  which  in  cases  of  extreme 
regularity  are  circles,  while  in  cases  where  the  front  of  the  wave 
elevation  is  not  equal  to  the  succeeding  one,  the  individual  partidea 
of  water  describe  curves  which  are  not  dosed,  and  anch  aa  we  have 
no.  ITS.  vto.  174.    represented  at  Figs.  178  and  174. 

Let  us  now  consider  somewhat  more  atten- 
tively, the  connection  between  the  motion 
of  the  individual  particles  of  water  and  the  propagation  of  the 
wave. 

Let  us  assume  that  a  regular  undulatory  motkm,  advancing  from 
left  to  right,  spread  itsdf  to  the  partide  of  water  0  in  Fig.  175^ 
obliging  it  to  describe  a  dmdar  course.   Now  while  the  partide  0 
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completes,  for  the  first  time,  its  circular  course,  motion  is 
propagated  to  a  certain  distance.    Let  the  particle  marked  12  be 

FIG.  175. 


the  one  to  which  the  vibratory  motion  is  propagated  from  0,  while 
0  performs  its  revolution ;  then  will  12  begin  its  first  revolution  at 
the  moment  that  0  enters  upon  its  second. 

If  we  now  suppose  the  circumference  of  the  circle  described  by 
the  particle  0  to  be  divided  into  12  equal  parts  as  well  as  the  space 
intervening  between  0  and  12,  the  undulatory  motion  in  the 
direction  from  0  towards  12  will  always  advance  one  division 
further,  whilst  the  particle  0  describes  -jVth  of  its  circular  course. 

While  the  particle  0  describes  the  first  1 2th  part  of  its  course, 
the  undulatory  motion  extends  to  1  ;  and  while  0  is  passing  over 
the  first  quarter  of  its  course,  the  same  motion  is  transmitted 
to  3. 

Fig.  176  represents  the  moment  in  which  the  particle  0  has 


no.  176. 

0     1     J  3 


traversed  the  quarter  or  -j^th  of  the  circle ;  the  particle  1  has  at 
that  moment  passed  over  -j^ths;  the  particle  2  yrth;  while  the 
particle  3  is  not  yet  displaced  from  its  position  of  equili- 
brium. 

Fig.  177  shows  the  moment  in  which  the  particle  0  has  traversed 


no.  177. 

0  0       I  'J 


half  its  course";  the  particle  1  -i^ths;  the  particle  2  -^ihs ;  and  the 
particle  3  of  their  course ;  while  the  particles  4  and  5  are  in 

N  2 
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the  same  position  as  the  particles  1  and  2  of  the  former  figure. 
The  particle  6^  although  not  removed  from  its  equilibrium^  is  about 
to  begin  its  motion. 

The  particle  3  has  reached  its  lowest  point ;  here  is  the  centre 
of  a  wave-depression. 

If  now  -fVth  of  the  time  be  necessary  for  a  particle  to  complete  its 
circuit  be  passed,  the  particle  3  will  have  come  into  such  a  position 
with  reference  to  its  original  place,  as  is  now  the  case  with  the 
particle  2  ;  and  the  particle  4  will  have  reached  its  lowest  position, 
being  J  of  the  circle  removed  from  its  position  of  equilibrium; 
the  wave-depression  has,  therefore,  advanced  from  3  to  4  in  this 
interval  of  time. 

Fig.  1 78  represents  the  moment  in  which  the  particle  0,  having 

no.  178. 


traversed  ^th  of  its  course,  has  reached  the  highest  point  of  its 
circuit ;  here,  therefore,  is  the  summit  of  a  wave-elevation.  The 
particle  1  has  traversed  -^ths ;  the  particle  2  -^ths ;  and  3  -y^ths  of 
its  course ;  the  particles  4,  5,  6,  7,  8,  are  in  the  same  position  as 
1,  2,  3,  4  and  5  of  the  former  figure.  From  the  moment  repre- 
sented in  Fig.  177  to  the  moment  shown  in  Fig.  178,  the  wave- 
depression  has  moved  from  3  to  6. 

AVhilst  the  particle  0  is  traversing  the  last  quarter  of  its  course, 
the  wave-elevation  advances  from  0  to  3,  and  the  depression  from 
6  to  9 ;  while  at  the  same  moment  that  0  has  ended  its  course  for 
the  first  time,  and  is  entering  upon  a  second  circuit,  the  particle 
12  begins  its  course  for  the  first  time. 

This  moment  is  represented  in  Fig.  179,  which  needs  no  further 
explanation. 

FIG.  179. 
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Fig.  180  repnaents  the  moment  in  which  0  has  irawied  its 

vio.  180. 


coarse  a  second  time ;  at  this  time  13  wiD  ha^e  made  its  first 

circuit ;  motion  been  transmitted  to  21;,  a  wave-elevation  is  seen 
at  3,  another  at  15;  one  wave-depression  at  9^  and  another 
at  21. 

If  the  undulatoiy  motion  oontiiiiie  miinterrupted,  the  individual 
partidea  of  water  will  likewise  pafsaa  their  eireoits ;  the  wave- 
de?aticma  as  well  as  the  wave  deprenaomi  advancing  onifinrmly 
from  left  to  right,  while  one  particle  after  the  other  reaches  the 

highest  and  lowest  point  of  its  circuit. 

Thus  the  wave-elevations  and  depressions  advance  owing  to  the 
same  circular  motion  being  imparted  to  all  the  particles  <tf  water, 
each  entering  npon  that  motion  sueoessively. 

Tbe  distance  between  two  adjacent  partides  in  similar  conditions 
of  yibration,  ia  caUed  ike  length  of  a  toave ;  as  the  distance  between 
0  and  12,  and  between  12  and  24,  these  particles  beginning  their 
oscillation  simultaneously,  and  reaching  simultaneously  their 
highest  and  lowest  points.  According  to  this  the  distance  from 
the  summit  of  one  elevation  to  the  next,  aa  £rom  3  to  15  in 
our  figore,  or  from  the  middle  of  one  depression  to  the  middle 
of  the  nest,  as  from  9  to  21  constitutes  likewise  ike  length  of  a 
wesoe. 

Those  particles  that  are  removed  \  of  the  length  of  a  wave  from 
each  other,  as  0  and  6,  3  and  9,  9  and  15,  are  always  in  opposite 
conditions  of  vibration.  The  particle  9,  for  instance,  forms  the 
lowest  point  of  a  depression ;  3  and  15,  on  the  contrary,  the  summit 
of  wave-elevations.  The  particles  0  and  6  are  certainly  both  in 
their  position  of  equilibrium,  but  the  motion  from  0  is  directed 
downward,  while  that  f^rom  6  is  directed  upward. 

The  time  required  by  a  particle  to  complete  an  oscillation  is 
termed  the  time  of  an  oscillation ;  whilst  a  particle  is  completing 
an  oscillation,  the  wave  advances  a  length. 

Linear-waves, — ^As  has  been  already  remarked,  the  courses  of  the 
particles  of  water  are  not  always  strictly  circular,  aa  we  have 
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assumed  them  to  be  in  our  figures,  or  even  curves  returning  into 
themselves.  This  circular  course  is  often  converted  into  an  elliptical 
form,  sometimes  the  horizontal,  sometimes  the  vertical  diameter 
being  the  greater.  If  the  horizontal  diameter  were  null,  the  sepa- 
rate particles  would  merely  oscillate  up  and  down  at  right  angles 
to  the  direction  in  which  the  waves  are  propagated.  This  kind 
of  motion  propagates  the  waves  along  a  stretched  cord.  We  shall 
on  a  future  occasion  have  more  to  say  regarding  this  kind  of 
undulatory  motion  when  wc  enter  upon  the  theory  of  light. 

The  lines  marked  from  1 
to  G  in  Fig.  181,  are  de- 
signed to  illustrate  the 
transmission  of 'such  linear 
waves.  These  lines  correa- 
|K)nd  accurately  \^nth  the 
Figs.  176  to  180,  beins 
derived  from  the  latter,  on 
setting  down  the  horizontal 
part  of  the  motion  as  null ; 


no.  181. 


and  they  will  not,  therefore,  require  any  further  explanation. 

If  a  linear-wave  advancing  towards  one  fixed  point  reach  that 
point,  it  will  be  reflected  returning  to  the  other  end,  and  will  pass 
many  times  backwards  and  forwards.  But  if  new  waves  be  conti- 
nually formed,  they  will,  in  meeting  the  reflected  waves,  form  stand- 
ing  waves  from  the  combined  action  of  the  two  systems  of  waves. 

We  will  not  here  pause  to  consider  any  further  the  formation  of 
standing  waves  by  the  combined  action  (interference)  of  the  direct, 
and  the  reflected  wave-system,  since  we  purpose  treating  more 
fully,  and  on  similar  principles,  of  the  formation  of  standing  air- 
waves, depending  on  the  interference  of  a  direct  and  reflected  wave 
system ;  at  present  we  will  limit  ourselves  to  the  consideration  of 
the  kind  of  motion  manifested  in  a  line  or  cord  during  such 
standing  vibrations. 

Tlic  most  simple  case  is  where  the  line  vibrates  throughout  its 
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whole  length  ae  lepmeiited  in  Fig.  182.  This  motioii  may  be 
no.  1M.  brought  about  by  removing  the 

centre  of  a  moderately  tensely 

drawn  line,  somewhat  out  of  its 
equilibrium  (which  is  best  done 
by  moving  it  somewhat  to  the 
right  or  left)  and  then  leaving  it 
to  itself.  All  the  particles  are  simultaneousfy  on  one  and  on  the  other 
side  of  the  position  of  equilibrium ;  th^  simultaneously  attam  the 
msamum  their  distance  from  the  point  of  equilibrium  on  the 
right  side,  and  simultaneously  come  to  the  extremities  of  their 
course  on  the  other  side.  The  particles,  therefore,  whose  points  of 
equilibrium  9Ltef,d  and  g,  simultaneously  reach /'^  d*  aadg^ ;  and 
simultaneously  passing  their  point  of  equilibrium,  moving  in  the 
wne  direction,  they  simultaneoualy  come  to/",  d^'  vad^f". 
While  all  the  partidea  are  always  at  the  same  time  in  similar 
ditions  of  equilibrium,  the  amplitude  of  their  oscillations  is 
alone  different,  being  greater  for  the  particle  d  than  for  / 
and  g. 

The  oscillations  of  a  tense  string  disturbed  from  its  position  of 
equilibrium,  or  those  induced  by  a  bow  drawn  across  the  middle  of 
its  length,  are  of  the  same  kind.  But  the  vibrations  of  the  string 
sie  so  rapid,  that  the  separate  osciUations  can  no  longer  be  distin- 
guished, bat  on  the  contrary  only  a  tone  is  produced.  We  shall 
have  once  more  further  to  consider  the  vibrations  of  the  cord  with 
reference  to  this  tone. 

The  vibrations  of  a  somewhat  loosely  strung  cord  are  slow  enough 
to  be  counted ;  it  is  difficult,  however,  to  produce  a  wholly  regular 
oscillatory  motion  in  the  manner  indicated,  if  we  bring  the  middle 
of  the  line  out  of  its  equilibrium  firom  below,  smce  in  that  case 
not  only  the  dasticity  the  line  will  bring  back  the  particles  to 
their  conditions  of  equilibrium,  but  gravity  will  also  act ;  but  if  we 
move  the  middle  of  the  line  out  of  its  equilibrium  to  the  right  or 
left,  the  motion  is  partially  that  of  the  pendulum,  because  if  the 
line  be  not  too  tightly  strung,  the  middle  always  hangs  somewhat 
down;  if,  however,  we  draw  it  tighter,  the  vibrations  become  too 
rapid  to  be  distinguished. 

These  regular  vibrations  in  a  string  are  best  distinguished,  if  one 
of  its  extremities  be  fastened,  while  the  other  is  held  in  the  hand, 
and  made  to  describe  small  circles  with  uniform  velocity.  WTien 
we  find  the  right  degree  of  rapidity  for  the  motion  of  the  hand. 
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which  is  easily  done,  the  string  will  fall  into  such  motion,  that  its 
centre  will  describe  a  large  circle  around  its  point  of  equilibrium. 
All  the  other  points  of  the  line  then  turn  likewise  in  circles  round 
their  positions  of  equilibrium ;  the  circles  being  smaller,  the  nearer 
the  points  lie  to  the  extremities. 

If  we  accelerate  the  motion  of  the  hand,  the  regularity  of  the 
motion  of  the  string^will  be  disturbed ;  it  is  easy,  however,  so  to 
accelerate  the  rapidity  of  the  motion  of  the  hand,  that  there  shall 
be  a  point  of  rest  in  the  middle  of  the  string.  Each  half  will 
vibrate  exactly  as  did  the  whole  line  in  the  former  case ;  the 
middle  of  each  half  describes  larger  circles  than  the  other  points, 
»io.  183.  and    here,   therefore,   a  belly 

is  formed.  In  Fig.  183  we 
have  represented  two  ventral 
points,  and  one  node,  for  thus 
we  term  the  resting  point  k$ 
separating  the  two  vibrating  portions. 

When  /  reaches  its  highest  point,  m  attains  its  lowest  position, 
and  conversely. 

By  increased  rapidity  of  the  hand,  we  can  easily  succeed  in 
194.  producing   two    nodes,    and  three 

bellies  as  represented  at  Fig.  184. 

In  the  same  manner  the  line  may 
be  divided  into  many  parts,  always 


FIO. 


separated  by  a  node. 

The  nodes  may  also  be  observed  in  tense  cords.    Fig.  185  repre- 
sents a  tense  cord  from  which 
FIO.  185.  ,-11       11  I 

J  of  the  length  has  been  sepa- 

sj;;-;  :::r-^L;;:;' ;^  •  rated  by  means  of  a  bridge, 

which  so  divided  the  cord 
into  two  parts,  that  the  one  is  twice  as  long  as  the  other.  On 
touching  the  smaller  parts  with  the  bow,  the  other  portion  will 
fall  into  vibrations,  and  one  node  at  n,  and  two  bellies  at  v  and 
v'  will  be  formed.  The  position  of  these  nodes  is  proved  by  little 
figures  of  paper  remaining  fixed  at  these  points,  which  fall  off  at 
other  parts  of  the  cord. 

If  we  so  arrange  the  bridge,  that  the  string  is  divided  into  two 
parts,  of  which  the  one  is  only  Jth  the  length  of  the  other,  we 
shall  have  two  nodes  and  three  bellies  on  touching  the  string 
with  the  bow. 

In  metallic  plates,  bells,  &c.,  regular  vibrations  may  also  be 
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roduced.    In  order  to  make  plates  vibrate,  we  may  use  the  vice 
FIG.  186.  shown  in  Fig.  186,   which  must  be 

Q  firmly  fastened.    The  plate  is  placed 

between  the  cylinder  a  and  the  screw 
b,  both  of  which  terminate  in  a  piece  of 
cork  or  leather.  If  the  plate  be  suffi- 
ciently well  screwed  on,  we  may  produce 
ibrations  by  strokes  of  the  bow. 

We  may  then  cause  plates  of  wood,  glass,  metal,  &c.,  to  vibrate, 
bother  they  be  triangular,  square,  round,  elliptical,  &c.  The 
brating  plates  produce  like  the  vibrating  cords,  tones  which  are 
^metimes  high,  and  sometimes  low.  It  is  observed  further  that 
le  plates  may  be  separated  into  vibrating  parts,  and  lines  of  repose 
'  nodal  lines  for  each  one  of  these  tones.  In  general  the  exten- 
on  of  the  vibrating  parts  diminishes,  and  consequently  the  nodal 
fies  become  more  numerous,  as  the  tone  rises. 

In  order  to  prove  the  existence  of  these  nodal  lines,  we  may 
rew  fine  dry  sand  on  the  upper  surface  of  the  plate,  when  the 
ind  will  rise  and  fall  during  the  tone,  and  at  last  accumulate 
pon  the  nodal  lines.  In  this  manner  arise  the  sound-figures  as 
ley  were  named  by  their  discoverer  Chladnt. 

A  number  of  different  figures  may  be  produced  by  means  of  the 
me  plate,  according  as  we  move  the  bow  more  or  less  violently, 
•  with  more  or  less  rapidity,  or  again  according  as  we  change 
le  point  of  support   of  the  plate,  and  touch  various  parts 

its  edge. 

At  Figs.  187  and  188,  a  number  of  sound  figures  are  repre- 


rio.  187. 


PIG.  188. 


ntcd  as  produced  with  a  square  plate.    For  example,  in  order 
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to  obtain  the  cross  whose  arms  unite  the  middle  points  of  the 
parallel  sides  of  the  square  (see  the  first  figure)  we  must  fix  the 
middle  of  the  plate,  and  move  the  bow  at  one  oomer.  By  fixing 
the  middle  of  the  plate,  and  moving  the  bow  in  the  middle  of  one 
aide  of  the  eqnare^  we  form  a  cross,  whose  arms  unite  the  opposite 
comers  of  the  square  Fig.  188. 

Triangular  and  polygonal  plates  yield  similar  results. 

'transmission  of  sound  through  the  atmo^here. — ^Thc  vibratory 
motion  of  any  body  surrounded  by  air  gives  rise  in  it  to  an  nndu- 
latory  motion,  which  on  being  transmitted  to  the  ear  prodooss  the 
sensation  of  sound.  Generally  speaking,  it  is  by  means  of  tlie 
atmosphere  that  the  sound-waves  are  transmitted  to  our  organs  of 
hearings  but  still  all  other  elastic  bodies,  solid  as  well  as  fluid,  are 
capable  of  conducting  sound  more  or  less  perfectly.  Sound  cannot, 
however,  be  tranamitted  in  a  vacuum.  Let  us  lay  a  small  cnahion 
of  wool  or  cotton  in  the  middle  of  the  plate  of  the  air-pump,  on 
the  top  of  this  a  piece  of  dodc-work  provided  with  a  little  bdl^ 
and  which  can  be  made  to  strike.  Over  the  whole  is  placed  m 
bell  glass,  provided  above  with  a  leather  cap,  through  which  a  rod 
passes,  by  whose  turning  the  clock-work  is  set  into  action.  At  the 
instant  the  works  begin  to  act,  the  clapper  strikes  at  the  intervals 
upon  the  bell ;  no  sound,  however,  will  be  heard,  if  the  bell  have 
first  been  exhausted.  On  gradually  admitting  the  air,  we  distin- 
goish  the  tone  becoming  louder  and  loader  as  the  bell  becomes 
more  filled  with  air.  Sound  cannot,  therefore,  be  propagated 
through  a  vacuum. 

The  loudest  noise  on  earth  cannot,  therefore,  penetrate  beyond 
the  limits  of  our  atmosphere,  and  in  the  same  manner  not  the 
fjsintest  sound  can  reach  our  earth  from  any  of  the  other  planets ; 
thus,  the  most  fearful  explosions  might  take  place  in  the  moon, 
without  our  hearing  anything  of  them. 

Sausswre  asserts  that  the  discharge  of  a  pistol  makes  less  noise  on 
the  summit  of  Mont  Blanc,  than  the  report  of  a  small  toy  cannon 
fired  ofiF  in  the  valleys  below ;  and  Gay  Lussac  found  that  when  he 
had  risen  in  his  balloon  to  an  elevation  of  700  metres,  and  was 
consequently  in  a  highly  rarified  atmosphere,  his  voice  had  lost 
very  much  of  its  intend^. 

Sound  may  diffuse  itself  not  only  through  the  atmosphere,  but 
through  all  kinds  of  gases  and  vapours.  To  prove  this,  we  will  hang  a 
little  bell  to  an  untwisted  hemp  line  in  a  large  balloon  (see  Fig.  189). 
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»ic.  1S9.  If  the  air  be  exhausted  in  the  balloon,  we  shall  no 
longer  hear  the  sound  of  the  bell ;  as  soon^  however^  as 
afeir  dioptof  av^datikfloidy  Mfor  imtaiie^  ether^ 
be  introdveed  into  ihe  balloon,  vapour  will  be  imine* 
diately  formed,  and  the  tone  will  again  become 
audible.  Sound  is  readily  transmitted  in  water; 
tbe  diver  can  bear  what  is  said  on  the  shore^  while 
persona  on  the  shore  can  distingnish  the  muse  nude 
by  the  concussion  of  two  stones  at  great  depths 
low  the  surface. 

iSolid  bodies  can  not  only  prodncey  but  also  transmit  sound.  If 
t  appljf  die  ear  to  one  eEtranify  <tf  a  beam,  SO  arSOmetiea  in 
igth,  we  can  clearly  bear  a  alight  tap  made  at  the  odier  end  of 

although  the  sound  may  be  so  indistinctly  conveyed  by  the  air 
at  the  person  causing  the  noise  may  be  scarcely  conscious  of  it« 
in  order  to  eonqivebend  the  way  and  manlier  in  which  vibratioDa 
aomd  are  transmitted  through  the  atmoa|Aeffey  we  will  suppose 
e  sir  at  one  end  of  an  open  tube  to  be  put  into  a  condition  of  oscil- 
lation by  the  vibratory  motion  of  a  piston  applied  at  the 
other  eztremi^* 

Kg.  100  represents  sodi  a  tube;  the  lines  drawn  at 
equal  distances  designate  strata  of  air  of  equal  density ; 
p  is  the  piston  which  moves  rapidly  backwards  and 
forwards  along  the  distance  a     fig.  191. 


W 


I 


12 


15 


19 


21 


24 


192. 


□i 


M  f  U  [  I  I 


e 


12 


15 


18  21 


24 


%  6 


12       15       18       21  24 


klfi. 


I 


6  9   12       15       18      21  24 


Such  an  ofldDatiug  motion  cannot,  as  we  have  already  said,  be 
it'orm.  Let  us  suppose  the  time  necessary  for  the  piston  to  move 
ckwardsandforwarda^thatis^  firometo  jr,  and  again  from  y  back  to 
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a,  to  be  divided  into  twelve  equal  parts ;  it  will  travene  in  the  first 
<tf  these  periods  the  distaaee  ad>  in  the  second  the  distanee  be,uk 
the  third  e  d,  &c. ;  the  motion  which  was  at  first  slow,  increases 

therefore  in  rapidity,  which  at  the  end  of  the  third  period  of  time 
is  at  its  maximum ;  at  the  sixth  division  of  time  it  is  at  0,  when 
the  piston  reaches  the  right  extremity  of  its  course,  and  then 
begins  its  retrograde  motion. 

We  obtain  the  points  bed,  kc,,  by  drawing  a  cirde,  whose 
diameter  ugn  equal  to  the  amplitude  of  the  oscillation,  dividing 
the  ciTcamference  of  this  drcle  into  twelve  equal  parts,  and  letting 
fall  perpendiculars  from  these  points  upon  a  g. 

Now  this  motion  of  the  piston  is  transmitted  by  degrees  to  all 
the  separate  layers  of  air  of  the  tube,  each  of  which  will  after  a 
time  make  the  same  osciUations  as  the  piston ;  the  motion  begin- 
ning later  in  proportion  as  each  layer  is  further  removed  from  the 
piston. 

If  the  air  were  perfectly  unelastic  and  rigid,  the  whole  column 

of  air  in  the  tube  would  be  pushed  out  by  the  motion  of  the 
piston,  all  the  separate  layers  of  air  acquiring  simultaneously  the 
motion  of  the  piston ;  but  air  is  elastic,  and  motion  is  only  gradu- 
aUy  propagated  by  the  layers  nearest  the  piston  being  first 
compressed^  and  then  by  their  elasticity  acting  iqpoo  the  soc- 
oeedingones* 

If  we  consider  the  condition  of  the  air  at  the  moment  at  which 

the  piston,  after  the  beginning  of  its  motion,  has  traversed  half  its 
course  towards  the  ritjbt,  being  consequently  removed  the  distance 
a  d,  as  represented  in  Fig.  192,  from  its  original  position,  we  shall 
see  that  motion  has  only  been  transmitted  to  the  layer  of  air, 
marked  8 ;  that  is  to  say,  the  layer  of  air  8  is  still  in  its  original 
position ;  the  sir  between  it  and  Uie  piston  being  compressed,  this 
layer  8  is  slso  urged  forward,  and  thus  begins  its  motion. 

The  layers  of  air  1  and  2  (not  marked  in  the  figure,  because 
from  their  position  there  can  be  no  doubt  which  are  intended), 
have  begun  their  motion  subsequently  to  that  of  the  piston,  and 
are  therefbre  not  so  6r  removed  from  their  original  position.  Hie 
layer  1  began  its  motion  later  by  -^ih  of  time  necessary  for  tiie 
piston  to  pass  backwards  and  forwards;  the  layer  2,  -f^ha  later; 
1  has,  therefore,  been  moved  the  distance  a  e  from  its  original 
position,  and  2  only  the  distance  a  b. 

In  this  niauuer  the  mutual  position  of  the  layers  ol'  air  between 
8  and  the  piston  may  be  ascertained  as  exhibited  in  Tig.  192, 
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Fig.  193  shows  the  piston  at  the  moment  in  which  it  has 
reached  the  right  end  of  its  course,  and  consequently  is  removed 
the  distance  a  g  from  its  original  position.  Motion  has  in  the 
mean  time  been  tfansmitted  to  the  layer  of  air  6^  which  then 
bcyna  to  move. 

Hie  piston  haa  jnat  eome  to  lest^  and  ia  aboat  to  b^gin  its  retro- 
grade motion ;  8  ba8>  however^  just  attained  the  greatest  veloeitj  in 

its  motion  from  left  to  right. 

The  layers  of  air  are  removed  from  their  original  position  as 
represented  in  Fig.  190  to  the  distances  represented  in  the  accom- 
panying table. 

The  layer  1  is  removed  to  the  distance  a  f 

^  M  »  W  •  • 

8  n  99  n  ad 

4»  „  „  „  ae 
6  „  „  „  ah 
6  0 


99 
99 
99 
99 
99 


Fig.  1 93  represents  the  position  ahove  indicated  of  the  various 
layers.    The  greatest  condensation  of  the  air  occurs  at  3. 

While  the  piston  now  returns  £rom  its  position  at  Fig.  193  to  ita 
original  situation,  motion  is  propagated  to  the  layer  12 ;  this  layer 
of  air  begins  its  motion  for  tbe  first  time  at  the  same  moment  in 
which  tbe  piston  begins  a  second  time  to  move  towards  tbe  right. 
This  position  of  the  sei)arate  layers  of  air  between  12  and  the 
piston  as  represented  at  Fig.  194j  takes  place  by  the  following 
consideration. 

While  the  piston  and  the  layer  of  air  12  assume  their  original 
position,  and  are  momentarily  at  rest,  all  the  intermediate  layers  of 
air  aie  removed  firom  ibeir  origmal  positions;  all  the  layers  of  sir 
between  tbe  piston  and  6  have  a  retrograde  motion  from  right  to 
left,  while  those  between  6  and  12  go  from  left  to  right.  The 
layers  of  air  are  removed  from  their  original  positions,  as  indicated 
in  tbe  table  below. 

The  layer  1  is  removed  the  length  a  b 

2        „  »  «c 

8  „  ad 

4  „  „  a« 

5  w  99 

6  „  „  ag 


99 
99 
99 
99 
99 
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Thekyer  7  is  removed  the  kngth  af 

8  „  „  flc 

9  „  «  «rf 

10  „  »,  ac 

11  „  „  ab 

12  »  0 


M 
99 
99 
99 
99 


FI«.  196. 


We  see  here  that  at  9  there  is  the  greatest  condensation^  and  at 
8  the  greatest  nmSu^am  ;  the  layer  8  has  just  attained  its  greatest 
velocity  towards  the  left,  and  the  layer  9  towards  the  rig^t. 

If  now  the  piston  remain  at  rest^  the  layers  1, 

2,  3,  4,  &c.,  will  successively  return  to  their  original 
positions,  remaining  at  rest  while  motion  is  trans- 
mitted towards  the  right;  at  the  moment,  for  in- 
stance, in  which  3  recovers  its  original  positionj  modon 
will  be  tranimitted  to  16;  the  maiimnm  of  con- 
densation win  he  at  12,  and  the  maTimnm  of  rare- 
faction at  6;  at  the  moment  in  which  18  reeovera 
its  original  position,  the  maximum  of  condensation  has 
advanced  to  15,  and  the  maximum  of  rarefaction  to  21^ 
when  the  layer      begins  its  first  motion. 

From  the  piston  to  12  there  is  one  wave^  from  12 
to  24  a  second;  for  the  length  of  a  wave  is  the  dis- 
tance between  two  particles  in  aimilar  conditkma  of 
osdllatiott ;  the  piston  and  the  layers  12  and  24  begin 
their  motion  simultaneously  to  the  right ;  they  traverse 
their  course  in  the  same  direction,  returning  in  like 
time  and  manner* 

Each  wave  consists  of  a  rarefied  and  a  condensed 
pairt ;  the  Ibrmer  correiponding  to  the  waved^resiioiij 
the  latter  to  the  wave  elevation  of  water-waves. 

The  distance  from  one  point  of  the  maximum  of 
density  to  the  next,  that  is  from  9  to  21,  and  likewise 
the  distance  from  one  point  of  the  maximum  of  rare- 
faction to  another,  consequently  from  8  to  15  is  also 
the  length  of  a  wave. 

Fig.  196  r^resents  the  momsnt  in  which  the  piston 
having  complied  its  oseillation  for  the  third  time,  has 
created  three  perfect  and  successively  advancing  waves. 
The  layers  that  move  in  the  same  direction  arc  indi- 
cated in  the  figure  by  being  joined  together  by 
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brackets.  Tbe  middle  of  one  of  these  diviskms  always  oorres- 
ponds  to  a  maximum  of  coudcnsation  or  rarefaction^  the  layers 
of  air  being  at  the  highest  point  of  their  speed  cither  to  the 
right  or  left.  The  layers  of  air  occurring  at  the  points  of  contact 
d  two  brackets  arc  momentarily  at  rest,  being  either  at  the  right 
or  left  extranity  of  the  oonne,  which  they  traverse  duing  their 


Sinoe;,  as  we  shall  presently  see^  the  speed  with  whieh  sound- 
waves are  transmitted  is  independent  of  the  time  during  which  each 
individual  particle  makes  a  complete  oscillation,  and  since  the 
wave-length  is  the  distance  which  a  wave  advances  whilst  a  single 
layer  of  air  is  oompleting  a  perfect  oscillation,  it  is  clear  that  the 
wave-length  increases  in  the  same  proportion  as  the  time  of  oseilla- 
tion  for  the  separate  layers  of  air.  If  the  piston,  and  consequently 
the  snoeeeding  layers  of  air,  require  doable,  triple,  and  qnadmple 
the-  time  to  make  one  oscillation,  that  is  one  backward  and  forward 
motion,  the  wave-length  would  become  twice,  thrice,  or  fourfold 
as  great. 

We  have  here,  for  the  sake  of  simphcity,  considered  the  propa- 
gation of  air-waves  in  a  tube;  waves  in  free  air  are,  however, 
tranamitted  in  the  same  manner  from  oscillating  bodies  in  aU 
direetions ;  as  circular  waves  are  formed  aronnd  the  spot  in  the 
water  in  which  the  stone  has  fallen,  so  also  do  spherical  air-waves 
arise  round  the  oscillating  body. 

We  have  now  seen  the  manner  in  which  sound  (meaning  thereby 
all  action  on  the  organs  of  hearing)  arises  and  is  propagated;  the 
impressions  produced  upon  our  hearing  are,  however,  very  various 
in  their  nature.  The  sound  heard  from  a  sudden  and  smgle  blow, 
as  from  an  explosion  or  any  other  cause  producing  strong  condensa- 
tion of  the  air,  and  then  advancing  in  the  manner  already 
considered  without  being  succeeded  by  further  waves,  is  termed  a 
report ;  a  sound,  on  the  contrary,  arising  from  regular  oscillations, 
and  propagated  by  regularly  succeeding  equal  waves,  is  called  a 
Ume.  If  the  undulatoiy  motion  transmitted  by  the  sound  to  the 
ear  beccmie  more  and  more  irregular,  the  lone  is  converted  into 
minte. 

There  are  great  differences  between  tones,  the  greatest  being 
that  numifested  between  high  and  low  tones.  The  height  of  the 
tone  is  proportional  to  the  shortness  of  the  times  of  oscillation  of 
the  body  producing  H,  and  to  the  shortnesi  of  the  air-wave  pro- 
p^gaftiiigit 


^  kju^  d  by  Google 


198 


VXLOCITY  Of  SOUND. 


The  niiensUlf  of  the  tone  does  not  depend  upon  the  times  of  the 
oscillatumB  or  the  waTe-length,  but  upon  the  amplitude  of  the 
oscillations;  the  greater  the  latter  is  in  the  sounding  body,  the 

more  considerable  is  the  amount  of  condensation  and  the  succeed- 
ing rarefaction  of  tlic  air-waves  transmitting  the  tone. 

The  sound  or  quality  of  the  tone  is  far  more  difficult  to  define 
than  its  intensity ;  at  an  equal  elevation  of  tone,  the  character  of 
the  tones  produced  firom  a  violin  are  very  different  from  those  of  u 
flute ;  natural  philosophers  are  not  agieed  as  to  the  cause  of  this 
difRerenee,  but  it  is  probable  that  it  depends  upon  the  order  in 
which  the  velocities  and  the  changes  of  density  succeed  each 
other  in  the  different  layers  of  air  intervening  between  tlie  two  ends 
of  the  waves ;  and  that  in  many  cases  the  condensed  and  rarefied 
parts  of  the  same  may  be  unsymmetrical. 

Vehdty  ofSaiuuL — AU  tonei,  whatever  be  their  height  or  depth, 
their  vUeneity  or  qiuMity  are  propagated  tkroagh  the  atmatphere 
with  equal  vehdUf,  for  if  dilReient  persons  listen  to  a  concert  firom 
different  distances,  they  hear  exactly  the  suinu  measure  and  har- 
mony, which  would  be  impossible  if  the  higher  tones  advanced 
with  gieater  or  less  rapidity  than  the  lower  tones. 

While  light  it  propagated  with  a  veloci^  that  cannot  be  eom- 
puted  by  human  measurement,  sound  requires  a  given  time  to 
advance  to  any  distanoey  and  hence  we  are  enabled  to  explain 
several  phenomena  which  we  have  often  occasion  to  observe. 
If,  for  instance,  we  watch  from  some  distance  a  stonemason  at 
work,  we  do  not  hear  the  sound  of  the  blow  at  the  moment  in 
which  we  see  the  hammer  strike,  but  only  after  it  has  been  raised^ 
as  if  the  sound  were  produced  by  the  removal  of  the  Kymtiryai  fg^m 
the  stone,  and  not  by  ita  contact  with  it.  On  seeing  a  regiment 
march  to  the  measure  beatooi  on  the  droms  preceding  them,  we. 
observe  an  undulatory  motion  transmitted  from  the  drummers 
through  the  whole  rank,  which  is  explained  by  the  fact  that  all  the 
men  do  not  advance  simultaneously,  owing  to  the  hindmost  hpfnn|^ 
the  beats  of  the  drum  later  than  the  foremost. 

The  rapidity  of  sound  may  be  ascertained  by  the  very  aimpls 
means  of  noting  the  time  that  intervenes  between  the  flash  and  tlss 
report  <^  a  eannon  discharged  at  a  known  distance  horn  the 
observer.  This  observation  admits  naturally  of  being  most  readily 
carried  out  at  night.  Several  very  exact  experiments  of  this 
nature  were  made  by  a  party  of  scientific  men,  at  Paris,  in  1 822. 
r  The  distance  between  the  cannon  and  the  observer  was  9M^fi 
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M  (1  toite  «s  6  Vm  kei),  and  64,6  fecondt  intemned 

ween  the  flash  and  the  report ;  whence  it  follows,  that  sound 
veb  in  an  ordinary  state  of  the  atmosphere  174,9  toiaea  =IO^A 
in  round  nuabans  ^060  fcei  a  840^  netm  in  m  woond. 
nuraogh  otlMr  mdKa  the  lapidity  of  Ae  propagation  of  aoand  k 
t  the  same;  being  transmitted  through  iron  16 and  througli 
ter  4^  times  faster  than  through  the  air. 
On  the  r^Miumiifmmmd,  md  on  ih§  acAo.— Onpaaaingfrom  one 
dimn  to  another,  aoond-wsvea  ahvaja  eiperienee  a  partial  leflee* 
Q ;  while  on  coming  in  contact  with  a  solid  impediment,  they  are 
lost  cntirolv  reflected. 

* 

Whetiier  the  zedeetion  be  partial  or  entire,  the  angle  of  reiieo- 


■ 

no.  lie.         Let «     pig.  ige,  be  the  separating  wirfeoe 

of  the  two  media,  say  air  and  water,  and 
auppose  a  sound-wave  move  in  the  direction 
dtagBinatthe  amlm  of  the  water,  one  por- 
tio»  of  the  motion  will  paaa  over  to  the  water, 
lile  another  will  be  transmitted  in  the  direction  i  r,  which  makes 
great  an  angle  with  the  perpendicular  ip  aa  di;  that  is  to  say, 
I  an^  of  reflection  r  <  ia  equal  totheangleof  incideneedft/'. 
le  MOM  phenomenon  woold  oeeor,  aeeording  to  the  ama  law,  if 
^  were  the  separating  surface  of  two  gases,  or  merely  of  two 
fcrs  of  gas  of  different  density,  or  if  were  the  bounding 
xfroe  of  a  aolid  body,  esoqpting  that  in  the  Latter  caae  the 
leeled  tone  woold  be  far  more  intenae.  An  obaetver,  iherefarei 
nding  at  any  point  of  the  line  t  r,  would  hear  the  aoond  aa  if 
iuod  from  i,  or  from  a  point  in  tlie  prolongation  of  the  line  r  i. 
I  this  general  principle  rests  the  ex{)lanation  of  an  echo. 
if  the  ecAo  aond  the  tone  back  to  ita  starting  point,  the 
vnd-wavea  strike  the  reflecting  snrfroe  at  right  angles.  In 
Bl  caae,  an  echo  may  repeat  a  larger  or  smaller  number  of 
'Dables  under  conditions  that  may  be  easily  ascertained.  If 
e  speak  &8ty  8  syllabka  may  distinctly  be  nttered  in  2  seconds^ 
i*  in  tite  period  of  time  aouid  traverses  twice  840  metres;  if, 
isrefore,  an  echo  be  at  a  distance  of  340  metres,  all  the  syllables 
ill  be  given  back  in  tlicir  proper  order,  the  first  coiiiiuic  to  the 
)eaker  in  2'%  that  ii,  when  he  has  given  utterance  to  the  last 
liable.  At  this  diatanee,  an  echo  vmj  therefore  rqpeat  7  or  8 
rUsbles ;  there  are,  however,  echoaa  capidde  of  giving  back  14  or 
5  syllables. 

o 
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The  reflecting  surface  ueed  not  be  hard  and  flat^  as  we  often 
observe  at  sea  that  clouds  form  an  echo. 

Sound-waves  must  also  be  reflected  in  a  cloudless  atanosphere 
when  the  mm  develops  heat  with  its  fiiU  force  on  the  earth's 
Burfaee,  sinee  the  motion  of  heat  cannot  be  eqoal  in  all  parts, 
owing  to  dampness,  shade,  and  other  causes.  This  unequal  tem- 
perature occasions  a  number  of  warm  ascending  and  cold  descend- 
ing currents  of  air^  of  unequal  density ;  as  often,  therefore,  as  a 
sound-wave  passes  from  one  current  of  air  to  another,  it  will 
eiperienee  a  partial  reflection ;  and  if  this  be  not  strong  enough 
to  occasion  an  echo,  it  will  at  any  rate  materially  weaken  the 
direct  tone.  This  is  evidently  the  reason^  as  Humboldt  observes, 
that  sound  is  propagated  further  by  night  than  by  day,  even  in 
the  midst  of  the  woods  of  America,  where  the  many  silent  animals 
in  the  day  M  the  atmosphere  during  the  night  with  a  thousand 
confused  noises. 

The  eqilanatum  of  mMpfe  echoes,  that  is,  siidi  as  give  badL 
the  soond  many  tunest,  rests  npon  the  same  principles;  Ihr  as 
one  reflected  tone  can  be  returned  anew,  it  is  evident  that  two 

reflecting  surfaces  may  mutually  reflect  a  tone,  as  two  opposite 
mirrors  reciprocally  reflect  light.  Thus,  an  echo  of  this  sort  may 
arise  between  two  distant  parallel  walls.  There  was  formerly  an 
echo  of  this  kind  at  Verdun,  occasioned  by  two  contigooaa  towers^ 
which  repeated  the  same  wovd  12  or  18  times. 
Tlieie  are  likewise  echoes  which  bear  a  tone  to  a  definite  spot 

Let  ns  assomethat  the  diagonal 
section  of  an  arch  is  an  ellipse, 
see  Fig.  197,  whose  foci  are  / 
and  /.  A  tone  issuing  from  / 
will  be  reflected  from  all  parte 
of  the  arch  to  it  being  a  pro- 
perty of  andlipse,  that  if  we  draw 
lines  from  /  and/  to  the  same  point  of  the  curve,  they  will  form 
equal  angles  with  the  normal  of  this  point.  If,  therefore,  one 
person  stand  at /,  and  another  at/,  they  will  be  able  to  understand 
each  other,  although  they  may  speak  in  a  low  voice,  and  the 
distance  of  the  two  points  /  and  /  amount  to  from  50  to  100 
feet  while  not  a  word  can  be  heard  at  the  intervening  pmnts. 

The  actions  of  the  speaking-trumpet  and  the  bearing-trumpet 
may  also  be  explained  on  the  principle  of  the  reflbction  of  sound. 
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CHAPTER  II. 

LAWS  OP  TBM  YIBBAnOMS  OV  MimCAL  TOMBS. 

flmmHon  of  regular  Ag^^waon  m  comtm?  pipe$,—lf  a  wnmd- 
ve  enter  the  open  end  of  a  tube  closed  at  the  opposite  extremity, 
wiU  be  reflected  on  the  surface  of  the  tube,  but  the  reflected 
*ves  meeting  the  newly  entered  wsm  will  fonn  standing  air- 
(les  hy  the  eonnbined  action  of  botti  waive  systems^  provided  the 
\f!^h  of  the  pipe  bear  a  proper  proportion  to  the  length  of  Ilia 
n  id- wave. 

U  we  assume  the  length  of  the  tube  ES,  lig.  19^,  to  be  ith  of 

no.  198. 

.  '  !  I  !  '  I  !  :  M  I  !  I  I  I  I  I  !  I  I  i  I  i  I  U 

■    ■  ■    '    '    ■    '    -    '    ■        ■    ■    ■    '  ■   .   ■  1 

I  knglk  of  the  soond-wave  entering  it,  then  the  distanoe  fiom 
I  opening  to  the  bottom,  and  back  from  the  bottom  to  the 

laug  is  exactly  ^  a  wave-length,  the  waves  of  incidence  and 
iiiction  which  meet  at  the  opening  of  the  tube  are,  therefore, 
Bored  from  eaeh  other  half  a  wave-length  in  their  course;  the 
mnnm  of  the  density  of  the  wave  of  inddence  coinciding, 
before,  with  the  maximum  of  the  rarefaction  of  the  wave  of 
lection,  and  conversely,  at  the  opening  of  the  tube  there  isj 
^rcfore,  neither  condensation  or  rarefaction. 
Let  us  now  consider  the  condition  of  moticm  of  the  layer  of  air 
ing  in  a  state  of  equilibrium  the  opening  of  the  tube. 
We  have  already  seen  in  Fip:.  194,  that  if  there  be  a  maximum 
deosi^  in  a  definite  spot,  as  at  9,  the  particle  6,  whose  position 
rest  fin  one  fourth  of  the  wave-length  from  the  point  of  rest  of 
I  partide  9,  wBl  be  moved  to  the  furthest  point  from  its  position 
equilibrium  in  the  direction  of  the  advancing  wave^  whilst  the 

o  2 
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particle  12,  whose  position  of  equilibrium  lies  one  fourth  of  a  wave 
length  further  on  than  the  position  of  equilibrium  of  9,  will  assume 
at  this  moment  a  state  of  equilibrium. 

At  the  moment,  therefore,  in  whi«di  the  maTrimnm  of  density  of 
the  incident  wave  meets  the  bottom  of  the  tube^  the  kyer  of  air  at 
the  opening  has  been  moved  to  its  maximum  advancement  toward 
the  right,  by  means  of  this  incident-wave,  while  at  the  same 
moment  it  is  not  driven  to  the  opposite  side  by  the  reflected  wave; 
thus  it  appears  that  at  the  instant  in  which  the  wave  of  incidence 
arrives  at  the  bottom  of  the  tube  with  the  maximum  of  larefoctbn, 
the  layer  of  air  at  the  entrance  has  experienced  its  furthest  removal 
to  the  left  from  its  position  of  equitibrium,  by  the  influence  of  the 
reflected  wave ;  the  layer  of  air  at  the  entrance  of  the  tube  vibrates, 
therefore,  alternately  from  right  to  left,  that  is,  towards  and  from 
the  bottom,  without,  however,  any  condensation  or  rarefaction 
occurring. 

All  the  remaining  layers  of  air  in  the  tnbe  have  now  aimnkft* 
neously  a  similar  motion,  the  extent  of  the  vibrations  being  small 
in  proportion  as  they  lie  near  the  bottom.   This  is  illustrated  in 

Figs.  199,  200  and  201.    Fig.  199  represents  the  separate  layers 

no.  199. 


Fio.  200. 


FIG.  201, 


1 1  1 1 1 1 1  1 1  1 1 1  I  I  I  I  I  I  I  I  I  I  11 

of  air  in  the  tube  in  their  positions  of  equilibrium;  from  this 
position  of  equilibrium  they  move  simultaneously  towards  the 
right,  reaching  the  position  of  Fig.  200  after  one  fourth  of  an 
undulation.  In  this  position  of  the  layers,  the  air  is  naturally 
strongly  condensed  at  the  bottom  of  the  tube.  All  the  particles 
then  move  simultaneously  from  the  bottom,  simultaneously  passing 
the  position  of  equilibrium,  and  simultaneously  reaching  the  posi* 
tion  indicated  at  Fig.  201.  At  this  moment,  a  rarefaction  takea 
place  at  the  bottom  of  the  tube. 

Our  drawing  has  been,  for  the  sake  of  clearer  illustration,  excea- 
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vely  exaggerated^  at  leaat  as  £ur  as  relates  to  the  amplitude  of 
iriltiiikin  as  oecnning  m  a  pipe  of  the  length  npresentod,  for  the 

tyer  of  air  in  a  state  of  equilibrium  at  the  entranee  of  the  pipe 
ould  not  enter  so  far  into  it,  or  pass  so  far  out  of  it,  but  merely 
icillate  a  little  to  the  right  and  left  during  the  vibrations,  li, 
opfrefor,'  the  ampUtode  of  oarilhitinin  had  not  been  taken  <m  so 
irge  a  seab,  it  woold  hacre  been  difkak  to  indicate  dearfy  the 
iflference  between  the  eondensation  and  rarefaction. 

Her^  therefore,  a  regular  wave  has  also  been  formed  by  the 
itericraiee  of  the  direct  and  reflected  wma^  far  all  the  sqNurate 
lyera  of  air  in  the  tube  begin  their  motion  simultaneously,  simul- 
meously  reaehing  the  liuiits  of  their  couisc,  and  then  beginning 
leir  motion  in  opposite  directions. 

Figa.  20SI,  203,  204,  are  intended  to  illustrate  the  raie£sctions 
ad  condensations  ahernalely  prodnoed  in  such  regular  air-wavea* 


no.  202. 


[1  Fig.  202  the  whole  tube  is  uniformly  shaded,  and  corresponds 
>  the  ease  where  the  air  is  of  uniform  density  throughout  the 
liole  tab^  as  it  is  in  the  moments  at  wUeh  aU  the  individual 
lycrs  of  air  pass  their  position  of  equilibrium  with  their  maximum 
3eed.  If  the  partieles  have  come  to  the  extreme  points  of  their 
Mime  in  their  oscillation  towards  the  closed  end  oi  the  tube,  a 
mdensstion  takes  plaee  aa  aeen  in  Fig.  20d. 
Norw  the  separate  layers  of  air  begin  to  move  away  from  the 
[osed  end^  and  after  half  an  undulation^  we  have  a  rare&ction  as 
1  Fig.  204. 

At  the  open  end  of  the  tube  there  is  at  no  moment  of  time  aiqr 
larked  condensation  or  rarefiMStiofBi  the  layers  of  air  movmg 
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no. 


V. 


I  ^ 


tube 


205.  iMiekwards  and  fbrwardi  between  the  fortliest  limits. 

The  arrows  in  ¥i^.  203  and  204?  indicate  the  direction 
in  which  the  particles  begin  to  move,  when  the  condensation 
or  rarefiEUStion  has  just  reached  its  maximum  at  the 
bottom. 

If  now  a  hole  be  made  in  the  tabe  at  r  for  instanoe, 
it  wfll  hinder  the  formation  of  the  regular  wave,  beeauae 

the  air  will  escape  thence  at  the  moment  of  condensation, 
and  flow  in  again  at  the  moment  of  rarefaction.  But 
the  disturbing  influence  of  such  an  opening  would  be  less 
considerable  at  the  places  nearest  the  open  extremity, 
since  rarefaction  aa  well  as  condensation  would  be  kaa  at 
such  pointa. 

Cutting  away  the  tube  at  these  parts  would  produce  the 

same  disturbing  eflect  as  an  aperture. 

The  formation  of  a  regular  air-wave  in  the  tube  is, 
therefore,  dependent  upon  certain  relations  existing 
between  the  length  of  the  tube  and  the  wave-length  of 
the  incident  tone ;  in  the  case  we  have  considered,  the 
length  of  the  tube  waa  one  fourth  of  die  wave-length  of 
the  incident  tone;  standing  sir-waves  may,  however,  be 
found  in  the  tube  under  other  relations  than  those  we 
have  considered  between  the  tubes  and  the  wave- 
length. 

It  is  essential  to  the  formation  of  regular  waves  in  the 
tube,  that  the  ampUtudea  of  oscillation  ahould  become  ao 
small  as  almost  to  disappear  close  to  the  bottom^  but  that 
an  alternate  state  of  rarefaction  and  condensation  should 

take  place,  while  no  such  apparent  changes  are  going  on 
at  the  entrance  of  the  tube,  since  there  the  condensed 
part  of  the  reflected  wave  must  always  coincide  with 
the  rarefied  portion  of  the  incident  wave,  and  inversely. 

Thia  condition  is  certainly  complied  with  in  making  the 
opening  of  the  tube  J  of  a  wave-length  from  the  bottom, 
the  ssme,  however,  is  eflRscted  by  letting  the  distance 
between  the  entrance  and  bottom  of  the  tube  amount  to 
Jth,  ^th,  ^th,  &c.,  of  the  wave-length. 
In  £ig.  ^5  the  line  a  b  represents  the  length  of  the 
amounting  to  fths  of  a  wave-length;  if  then  be  =ed^  da 
6a  s  ^th  of  the  wave-length,  the  rarefied  portion  of  the 
will  be  at  c,  as  the  wave  system  advances  from  a  to  5,  while 
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he  oondented  ptrt  will  be  at  a,  because  e  and  a  are  removed  \  a 

mve-len^h  from  each  other.  If  the  wave  system  were  to  extend 
H  yoiul  h,  a  condensation  would  again  occur  at  the  same  moment 

c ,  and  a  rare&ction  at  of,  eonieqiiently  there  would  be  hke 
xnkdhknui  at  a  and  and  opposite  oonditioiiB  ate  and  a';  but  now 
he  wa^e  is  refleeted  9k  h,  &  therefore  coincides  with  and  with 
r ;  condensation  and  rarefaction  will  consequently  cease  at  c  as  well 

at  a;  there  being  nothing  at  these  points  but  a  simple  motion 
Mdcwarda  and  forwards  of  the  layers  <tf  air  without  any  marirad 
Aange  of  density. 

Let  us  now  see  what  goes  on  at  d. 

if  the  maximum  of  density  be  advanced  from  a  to  d,  it  would 
Uso  have  gone  on  from  &  U^d*  li  there  were  no  reflection  at  b; 
It  d  and  there  are  consequently  always  equal  oonditions  of  osoil« 
IsAion;  bnt  by  the  reflection  at  6,  d^  is  thrown  upon  d;  hence  the 
maximum  of  the  density  of  the  incident  and  retlectcd  waves,  and 
I  an  undulation  later^  the  maximum  of  the  rareHaction  of  both 
Mineide ;  and  consequent^  there  will  be  here  akematel^  an 
bereased  condensation  and  rarefaction. 

If  now  we  investigate  the  condition  of  oscillation  of  a  layer  of 
air  at  d,  we  shall  find  that  it  has  no  motion^  for  if  the  waves 
advanced  beyond  b,  there  would  be  equal  conditions  of  oscillation 
It  d  and  df  which  would  abrays  move  towards  the  same  side  with  * 
Miifijrm  velocity,  but  if  the  wave  system  be  reflected,  the  reflected 
wave  of  the  layer  of  air  d  will  impart  an  opposite  motion  to  that 
which  it  would  have  miparted  without  any  reflection  of  the  layer  of 
d  IB  therefore  always  a&cted  by  both  waye-systems  with 
equal,  but  oppositdy  directed  vdoeities;  and  consequently  this 
layer  of  air  must  remain  at  rest. 

The  Figs,  from  206  to  208  show  the  air-waves  formed  in  a  tube 
iths  of  the  length  of  the  incident  sound-wam 
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In  Fig.  206  we  see  a  maximum  of  condensation  at  d,  and  a 
nHBripiiini  of  rare£Miion  at  the  bottom  of  the  tube  at  b ;  all  the 
layers  of  air  lying  to  the  left  of  d  simultaneously  begin  their 
motion  in  the  direction  indicated  by  the  arrow ;  wUlst  tihe  layers 
lying  to  the  right  of  d  begin  to  move  towards  the  right. 

After  \  of  an  undulation,  the  separate  layers  have  reached  such  a 
position  that  the  air  is  of  uniform  density  throughout  the  whole 
tube^  as  intended  to  be  represented  in  Fig.  207 ;  after  another  i  of 
an  undulation  moving  in  the  direction  indicated^  the  condition 
represented  in  Fig.  208  will  occur;  now  there  is  the  greatest 
condensation  at  b,  and  the  greatest  rarefaction  at  d, 

Ynm  this  moment  the  separate  layers  of  air  again  begin  to  move 
towards  d,  and  then  the  condition  represented  in  Fig.  206  recurs 
after  ^  of  an  undulation. 

The  layers  of  air  lying  to  the  right  and  left  of  d,  either  move 
simultaneously  away  from^  or  simultaneously  towards  d,  which  has 
no  motion;  the  layer  of  air  forms^  tiberefore^  a  node  of  aMeU" 
laium. 

The  points  e  and  a,  where  there  is  neither  rarefaction  or  conden- 
sation, but  where  the  layers  of  ail'  oscillate  with  the  greatest 
amplitude,  are  termed  bellies. 

In  order  to  put  the  air  within  a  closed  tube  into  such  standing 
vibrations^  it  is  only  necessary  to  bring  an  oscillating  body  before 
the  open  extremity  of  the  tube,  which  may  give  such  a  tone^  that 
the  length  of  the  tube  is  equal  to  }j  kc,  of  the  wave  length 
of  the  tone. 

We  may  use  for  this  purpose  an  ordinary  tuning  fork,  holding 
it  over  a  glass  tube  of  about  two  inches  in  Icn^h,  closed  below;  or 
we  may  take  a  glass  or  metal-plate  in  the  same  manner  as  when 
used  to  produce  Chladni's  figures  by  the  help  of  the  bow  of  a 
violin^  holding  a  tube,  closed  below,  under  it.  If  the  tube  be  of 
the  right  length,  the  enclosed  air  being  thrown  into  a  stale  of 
standing  vibrations,  will  become  resonant,  considerably  increasing 
thereby  the  intensity  of  the  tone,  as  may  be  clearly  perceived  by 
passing  the  sounding  body  backwards  and  forwards  before  the 
opening  of  the  tube ;  the  tone  becoming  alternately  stronger  and 
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weaker  as  the  body  is  brought  to  the  opening  or  beyond  it.  If 
the  tube  should  be  too  long  for  the  sounding  body  that  is  nsed^  it 
Biay  esaily  be  brought  in  scoordanee  with  it  by  poaring  mter  into 
it;  that  is  to  say,  it  may  be  thus  shortened  until  it  have  the  length 
proper  for  the  soanding  body. 

In  order  to  throw  the  enclosed  air  into  regular  vibrations^  or  to 
make  it  resonant  with  the  sounding  body,  it  is  not  indispensably 
necessary  to  bring  a  sounding  body  before  the  opening  of  a  tube. 
Thus  in  organ  pipes  there  is  a  earrent  of  air  flowing  past  the  open 
end  of  the  tube  breaking  against  the  edges,  and  creating  by  its 
inqpnlses  waves  that  are  reflected  on  the  bottoni,  and  interfere  wkh 
iht  newly  incident  waves.  ^Vlthough  these  impulses  are  at  first 
not  quite  regular,  they  are  soon  regulated  by  the  accession  of 
reflected  waves,  provided  the  tube  sound  well,  so  that  regularly 
standing  waves  are  formed  by  means  of  which  the  air  in  the  tube 
becomea  resonant. 

The  notes  yielded  in  tiiis  manner  by  a  tube  are  of  the  same  kind 
aa  those  which  mhst  be  given  forth  hy  another  soanding  body 
brought  to  the  opening  of  the  tube  for  the  purpose  of  inducing 
spontaneous  sound  in  the  enclosed  air. 

The  simplest  way  of  making  air  sound  in  a  small  tube  is  by 
holding  it  in  a  vertical  position  befixre  the  mouth,  turning  the 
dosed  end  downwsrds,  whilst  the  open  extremity  is  held  to  the 
lower  lip,  and  we  blow  obhquely  towards  the  edge  of  the  tube. 

Notes  are  naturally  higher  in  proportion  to  the  shortness  of  the 
pipes.  Organ  ])ipcs  have  generally  the  arrangement  represented 
in  the  foUowing  figures.  We  divide  them  into  the  pedal  yielding 
no.  209.    no.  210.       no.  211.       no.  212.       no.  213. 
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the  wind,  the  mouth  and  the  tube  containing  the  column  of  air,  the 
vibrations  of  which  produce  the  note.  The  pedestal  is  hollow 
(Fig^  209  to  213)  and  through  this  cavity  the  wind  passes  by 
means  of  a  fine  slit  into  the  tabe.  The  month-pieoe  b  b'  a  moro 
or  less  openj  that  is  to  say,  its  upper  part  is  more  or  less  removed 
from  the  lower,  and  not  unfrequently  the  former  is  moveable,  so 
as  to  open  or  close  the  mouth-piece  at  will. 

The  organ  pipes  arc  filled  with  wind  by  means  of  bellows.  If 
air  be  blown  into  the  pedestal  of  the  tube^  there  will  be  a  thin 
layer  formed  at  its  passage  from  the  air-hole,  breaking  against 
the  upper  lip,  and  thus  imparting  those  impulses  to  the  air  in  the 
tube  whidi  oecasion  the  notes. 

The  same  tube  closed  at  one  extremity  may  yield  many  notes. 
Tlie  deepest  having  a  wave-length  four  times  as  great  as  the  length 
of  the  tube ;  the  higher  notes  of  the  pijie  correspond  to  a  wave- 
length three  times,  five  times^  &c.,  as  short  as  the  wave-lengths 
oecasioned  by  standing  vibrations  having  three  times^  five  times,  kc, 
as  diort  a  dnntkm  of  oscillation  aa  the  deepest  Itiole  of  the  pipe. 

The  pipe  yidda  the  deepest  note  inth  a  finnt  wind,  and  the 
highest  notes  with  a  strong  wind. 

O^jcn  Pipes. — A  stronger  condensation  of  air  may  occur  at  the 
end  than  in  the  middle  of  the  pipe,  as  the  air  cannot  escape 
laterally  from  the  former.  If  now  the  condensed  portion  of  a  wave 
arrive  at  the  open  extremity  of  the  tube,  the  layers  of  air  may 
easily  escape  in  aU  directiona  on  their  passage  from  the  tube,  and  a 
rarefretion  thence  arise;  which  being  reflected  aa  it  were  from  the 
open  end  of  the  tube,  traverses  it  in  an  opposite  direction,  and  ao 
standing  waves  are  here  formed. 

The  returning  wave  is  naturally  not  so  intense  as  the  original 
one. 

Aa  a  condensation  always  coincides  with  a  rarefisietion  at  the 
open  eitremity  of  Uie  tube,  a  belly  must  necessarify  arise  here, 
vdifle  nodea  of  oadDatkm  can  onty  be  formed  in  the  interior 
of  the  tube. 

1£  a  wave-length  /  belong  to  the  note  of  the  body  by  which  the 
air  in  the  tube  is  to  be  brought  to  sound,  the  length  of  the  shortest 

open  tube  corresponding  to  thia  note  will  be  ^  ;  that  is  to  say, 

the  tube  is  half  aa  long  aa  the  wave-length  of  its  note.  If,  there- 
for^ the  deepest  notes  of  one  open  and  one  covered  pipe  are  to  be 
equal,  the  open  pipe  must  be  twice  as  long  as  the  other. 
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A  node  of  oscillation  occurs  in  the  middle  of  the  length  of  an 
tube  in  forming  the  deepest  note,  and  a  belly  at  each  extre- 
mity, as  represented  in  Figs.  214  and  215. 


PIG.  214. 


vio.  215. 


Fig.  214  represents  the  moment  when  the  greatest  condensation 
takes  place  in  the  middle  of  the  tube ;  while  the  layer  of  air  remains 
at  rest  in  the  tube^  the  air  begins  to  move  away  on  both  sides  from 

the  middle,  as  indicated  by  the  arrow ;  rarefaction  is  at  its  maxi- 
Tnnra  half  an  undulation  afterwards  in  the  middle  of  the  tube,  and 
now  the  layers  of  air  begin  to  move  towards  the  middle  from  both 
sides.  In  the  next  highest  note,  a  belly  occurs  in  the  middle 
of  the  tube,  and  nodes  at  the  points  a  and  which  are  ^  of 
the  lenglh  of  the  tube  firom  the  extremities.  If  condensation  be  at 
its  maximum  at  a,  as  represented  in  Fig.  216,  then  the  rare&etion 
will  be  at  its  maximum  at  b,  and  conversely  as  seen  in  Fig.  217. 

vio.  210. 


a 


m.  217. 


In  the  above  case,  the  wave-length  of  the  note  is  equal  to  the 
length  of  the  tube,  while  the  duration  of  oscillation  of  this  note  is 
half  as  great  as  that  of  the  key-note  of  the  tube. 

The  third  tone  that  the  tube  can  give  has  a  wave-length  1^  timea 
that  of  the  length  of  the  tube ;  in  this  tone  there  are  three  nodes 
of  oscillation,  one  of  which  lies  in  the  middle^  and  each  of  the 
remaining  two  at  ^  of  the  length  of  the  tubej  or  }  of  the  wave- 
length of  the  engendering  sound-wave. 
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If  we  dimignilft  die  length  ct  an  open  tube  hj  I,  ^  vm> 
lengths  of  the  tones,  it  is  capeble  el  yielding : 

2 /,  il,  II  &c., 

whibt 

4/,  i/, 

are  the  wave-lengths  of  the  tones  that  can  be  produced  from  & 
covered  pipe  of  the  length  /. 

l£,  now,  at  different  parts  of  an  organ-pipe  we  mk 
holes  that  can  be  dosed  or  opened  at  will,  by  msliiksi 
represented  in  Fig.  218,  we  can  prove  that  the  tone 
will  not  be  changed  if  the  opening  be  made  at  & 
belly,  although  it  would  be  altered  were  the 
tnre  at  any  other  part 

Musical  note$. — As  we  have  now  learnt  to  know  tk 
means  by  which  pure  notes  may  be  produced,  as  tor 
instance  through  organ-pipes,  and  since  we  have  sees 
how  the  height  and         erf  these  notes  depend  ipa 
the  length  of  the  pipes,  and  consequently  that  we 
accord  such  pipes  at  will,  by  lengthening  or  short 
ing  the  tubes,  we  will  proceed  to  consider  the  senei  d 
notes  made  nse  of  in  mnsic* 
Let  ns  begin  with  the  ftmdamental  note  yielded  Ifs 
covered  pipe,  4  feet  in  length ;  this  tone  is  designated  in  mu^» 
the  note  C, 

If  we  examine  the  notes,  which  combined  with  C  will  make  ■ 
agreeable  impression  upon  the  ear,  we  shall  find  them  to  be  Asw 
whose  rapidity  of  oeeillatkni  stands  in  a  certain  relmtion  to  Ant  of 

C;  their  wave-lengths  are  hh  h  h  i  wave-leug^th  of  C; 

and  they  are  consequently  those  that  would  be  produced  by 
whose  lengths  are     },  f ,    of  the  length  of  the  jipe  CL 

As  the  time  of  oseillation  stands  in  an  inferse  proportioo  tods 
wave-length,  the  first  of  the  abovc-nained  notes  will  make  tiD 
vibrations  while  C  makes  only  1 ;  this  note  is  the  octave  of  Q  ssJ 
is  designated  as  e. 

Thenotewhosewwe-lengthislofthatof  thenoteQ  uIdbsI 
oscillations  while  C  makes  2 ;  this  is  the  fifth  of  C,  said  in  dcsf- 
nated  as  G. 

Ihe  note,  whose  wave-length  is  |  of  that  of  C,  makes  4  vibor 
tions  while  C  makes  8;  it  is  called  the  fanrth  at  C,  muk  h 
uailbed  F. 
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The  note,  whoee  wave-length  is  f  that  of  the  note  C,  makes  5 
nbnUom  iriiile  Cmakes  4;  it  is  the  major  thiid  of  C,  and  is 

narked  E, 

The  last  note  to  be  mentioned,  and  whose  wave-length  is  |-  times 
IB  great  as  that  of  C,  makes  6  vibrations  while  C  (mly  makes  5 ; 
t  is  the  minor  third  cf  C,  and  is  marked  B  flat 

As  C  has  its  octave,  fifUi,  fenrth^  major  and  minor  third,  so 
here  are  hkewisc  an  octave^  a  £fth^  a  fourth,  and  a  major  aud 
uinor  third  for  c. 

The  fimdamental  or  kqr-note  C,  with  its  nuyor  third  £  and  its 
ifth     ftmn  tiie  eommon  ehordof  C  major. 

According  to  the  above  relations,  the  notes  below  make  vibra- 
ioDs  simultaneously,  as  follows : 

C  E  F  O  e 

84         80         8S         88  48 

In  order  to  perfect  the  whole  scries  of  notes,  E,  F  and  G  must 
live  their  accord,  conseqnently  their  third  and  fifth,  as  well  as  C7. 

The  fifth  of  Gisa  note  vibratmg  8  tunes,  while  G  only  per- 
farms  2  vibrations  ;  there  are,  therefore,  to  80  vibrations  of  G,  54 

^brations  of  its  fifth,  which  we  will  designate  as  d;  the  next  octave 
below  d  is  marked  J),  and  makes  27  vibrations  to  36  of  G,  and 

The  major  third  of  G,  designated  as  H,  must  make  five  vibra- 

tions,  while  G  only  completes  4;  there  are,  therefore,  45  oscilla^ 
twus  of  H  to  36  of  G. 

As  24  is  to  86  (that  is^  C  to  G),  as  82  is  to  48  (or  i^to  c),  e  is 
fte  fifth  of 

The  major  third  of  F  must  make  5  vibrations,  while  the  latter 
makes  only  4 ;  to  32  vibrations  of  F  there  will  consequently  be  40 
r  its  mqor  third,  which  we  designate  as  A. 

Thns  we  have  a  series  of  notes  bearing  the  name  of  the  Cgamut, 
Ihe  mnnltaneoiis  vibrations  are  as  follows : 

CDEFGAHcd  ekc. 
Tihiations:  24S7    80    82    86    40    46    48  54  60 

The  differences  between  each  two  succeeafcing  notes  of  this  scries 
are  not  equal.  In  the  following  series,  the  somewhat  deeper  break 
between  two  numbers  indicates  how  much  the  rapidity  of  osciUa^ 
tioQ  d  each  note  ezeeeds  that  of  the  sncoeeding  one. 

CD      E     F     G     A     H  c; 
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D  accordingly  makes  1 1  times  as  many  vibrations  in  the  same 
period  of  time  bb  C,  El-^  times  as  many  m  D,  F  If^  times  aa 
many  as  fte. 

The  interval  between  Cand  D,  between  D  and  E,  Fand  G,  G 
niul  A,  and  A  and  //,  is  called  a  perfect  tone;  we  distinguish  them, 
however,  as  full  ])crfect  tones  if  the  interval  be  and  small  perfect 
tones  when  it  is  only  ^. 

The  intervals  between  E  and  F,  and  H  and    are  nearly  half  as 
large  as  the  rest;  they  are  therefore  called  semi-tones. 

If  we  proceed  from  any  (tf  the  other  notes>  advancing  in  ihe 
same  order  of  intervals,  we  shall  in  the  same  manner  obtain  the 
various  gamuts ;  in  order,  however,  to  proceed  according  to  this 
arrangement  of  intervals  for  each  note,  we  must  insert  half-notes 
between  C  and  D,  F  and  G,  and  G  and  iT,  marking  them  thus : 
e  sharp,  e  flat^/sharp,  g  sharp,  and  b. 

Through  the  gamuts  we  pass  from  the  key-note  to  the  major 
third;  and  then,  passing  over  the  minor  third,  to  the  fifth ;  in  the 
soft-toned  gamuts,  on  the  contrary,  the  chord  is  formed  by  the 
key-note,  the  minor  third  and  the  fifths. 

A  fuller  consideration  of  the  kinds  of  tone  and  the  gamut  belongs 
to  the  theory  of  music,  and  would  lead*  us  beyond  our  limits. 

If  the  fundamental,  or  key-note,  make  1  vibration  in  a  given 
time,  the  major  ihurd  must  make  -f-  in  the  same  time;  the  major 
thhrd  of  this  note  will  make  ^  .  ^  or  and  the  third  of  this  note 
^- .  ^ .  ^  or  VV  vibrations.  The  latter  note  docs  not  exactly  accord 
with  the  octave  of  the  fundamental  note,  which  corresponds  to  V,V  » 
if,  therefore,  we  proceed  through  full  thirds,  we  do  not  reach  a 
pure  octave,  and  if  we  retain  the  purity  of  octaves  we  must  abstract 
from  the  perfect  purity  of  thhrds.  The  same  is  the  case  with 
respect  to  pure  fifths.  We  are,  therefore,  obliged  to  set  the  notes 
somewhat  higher  or  lower  than  required  for  pure  thirds  or  fifths,  in 
order  to  retain  the  purity  of  the  octave ;  the  note  must  be  suffered, 
in  the  ordinary  language  of  musicians,  to  float  somewhat  over  or 
under.  This  mode  of  balancing  is  called  the  temperature.  It 
would  carry  us  too  fer,  however,  to  treat  of  the  separate  kinds  of 
temperature. 

If  the  ear  were  more  sensitive  than  it  is,  it  would  be  so  unplea- 
santly affected  by  the  impurity  of  the  thirds  and  fifths,  as  almost  to 

preclude  any  enjoyment  from  nmsic. 

As  we  have  now  become  better  acquainted  with  the  various  desig- 
.nations  applied  to  notes,  we  may  use  them  in  speaking  of  the 
^Kfferent  tones  yielded  by  the  same  pipe.   In  an  open  tube  or 
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ipe^  for  instance^  the  second  note  is  the  octave  of  the  key-note^ 
^kile  in  m  cofered  pipe  it  is  the  fifth  of  the  neit  higher  octefe. 
Hie  deepest  tone  applied  in  mnsie  is  that  yielded  by  a  oofered 
ipe  16  feet  in  lenjrth.  But  now  we  know  that  when  a  covered 
ipe  gives  forth  its  deepest  Dotes,  its  wave-length  must  be  exactly 
0t  wwm  kigth  of  the  note;  awwdiiiglyj  the  ««ve4eiigth 
NT  this  note  mnst,  in  an  cfdmary  state  of  the  atmosphere,  be 
4  feet. 

Sound  travels  about  1089  English  feet  in  a  second ;  if  we  divide 
lis  number  by  64^  we  find  how  many  wmve-lengths  this  deepest 
Die  adfsneesinaseoond;  or  what  is  ihe  ssme  things  how  many 

iciUations  are  necessary  in  a  second  to  produce  this  deepest 
lusical  note,  we  find  the  number  to  be  16,4. 
In  like  manner,  we  find  how  many  oscillations  the  air  makes  in  a 
mod  in  a  eofwed  pipe  whik  giving  its  deq[>est  note^  fay  dividing 
Nor  times  the  length  of  the  pipe  (expressed  in  Finis  feet), 
V  1050. 

Music  altogether  comprises  9  octaves.  The  deepest  note  already 
poken  o4  yidded  by  a  earned  pqpe  16  &et  in  length,  is  desig- 
sledMa 

As  this  note  makes  16,6  vibraticxns  in  a  seeond,  the  following 
ible  gives  the  number     vihratkms  finr  each  of  the  sneeeasife 

staves  of  this  tone  : 


C  16,6 

C  33 

C  66 

  182 

7   264 

7   628 


With  our  notes  the  tones  are  thus  expresaed 


C    C  c 
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Tones  of  otntehed  otnngB,—l!h»  most  important  laws  of  the 
▼ibratkms  of  stretched  strings  are  as  fbUows : 

1.  The  nrnnher  ofvibrationoofa  taring  u  wvenefy  ao  iio  length; 

that  is,  if  a  string  of  any  instrument,  as  a  \iolin  or  a  guitar,  be 
stretched,  and  make  a  certain  number  of  vibrations  in  a  <rivcn  time, 
it  would  make  in  the  same  time  2^  3,  or  4  times  as  many  vibra- 
tions, if  with  the  same  tension  we  let  only  |j  or  \  of  the  whole 
length  vibrate ;  it  would  vibrate  •!>  1>  or  -f  times  as  ftst  if  we  only 
suffered    \,  or    of  the  whole  line  to  vibrate. 

3.  The  number  of  the  vibratims  of  a  string  is  proportional  to  the 
square  root  of  the  stretching  rveight ;  that  is,  if  the  weight  stretching 
the  string  were  made  4,  9,  or  16  times  as  great  whilst  the  length 
remained  unaltered^  the  velocity  of  the  vibrations  would  be  2, 3,  or 
4  times  as  great. 

8.  The  mmher  of  vibraium  of  d^ereni  otrwj^  of  the  same 
etanee  to  moeroely  ao  their  thiehuoe.  If,  for  instance,  we  take  two 
steel  wires  of  equal  length,  whose  diameters  are  as  1  to  2,  the 
thinner  will  \vith  equal  tension  make  twice  as  many  \ibrations  as 
the  thicker.  This  law  does  not  always  hold  good  for  catgut 
strings,  as  they  are  not  absolutely  made  of  the  same  substance. 

An  instrument  called  a  monoehord  is  used  to  illustrate  the  most 
important  laws  of  stretched  strings  and  their  notes,  which  gives  oat 
pure  notes,  and  admits  of  the  length  of  the  strings  being  measured 
with  great  exactness.    Fig.  219  represents  a  monoehord.    We  may 

Fio.  219. 


1  HH^^  ' 

stretch  a  catgut  or  a  metal  string  to  prove  that  both  follow  the 
same  laws.  The  string  attached  at  e,  goes  over  a  kind  of  bridge 
at/andA,thenoverapulleym,bemg  finally  loaded  with  the  vreight 
p.   The  moveable  bridge  h  may  be  pushed  along  without  touch* 

ing  the  string,  and  secured  by  a  press-screw  to  any  part  we  choose. 
We  shall  presently  sec  how  the  liollow  box  s  s'  serves  to  strengthen 
the  note.  If  now  we  suppose  the  string  to  be  sufficiently  stretched 
when  vibrating  freely  to  give  a  full  and  sure  note,  which  we  will 
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rame  to  be  the  itnting  point  of    we  may  by  moving  the  bridges 

akc  the  string  yield  successively  the  notes  d,  ^, /,  ^,     It,  and  c. 

we  designate  the  length  of  the  string,  giving  the  fundamental 
>fte  tfj  at  1,  we  •hall  obtain  the  following  lengths  of  sthng  for  the 
lier  notei: 


e 

1 


fill 


a      k  e 


no.  220. 


We  moat,  therefore^  make  the  string  half  the  length  in  order  to 
ake  it  yield  ibe  octave,  other  conditions  remaining  the  same.- 

it  as  the  octave  makes  twice  as  many  \'ibrations  as  the  funda- 
cutal  note^  a  sthug  half  the  length  will  make  double  the  number 
vibrations. 

To  obtain  the  fifth,  we  must  shorten  the  string  to  |  of  itslengtii; 

It  the  fifth  makes  ^  times  as  many  vibrations  as  the  fundamental 

)te  in  an  equal  time. 

Tlie  number  of  vibrations  of  strings  is^  therefore^  inversely  as 
cir  length. 

To  obtain  an  oetave  with  an  eqnal  length 

of  string,  we  must  attach  4  times  as  heavy 
a  weighty  and  ^  as  heavy  a  one  for  the 
fifth. 

Laws  of  the  vibrations  of  blade  and  rods, 
— If  a  blade  or  rod  be  fastened  at  one  end 
(see  Fig.  220),  and  be  touched  by  the 
bow  of  a  violin,  or  simply  brought  ont  of 
equilibrinm  by  the  hand,  it  will  make  a 
series  of  vibrations  between  /  and  which 
if  sufficiently  rapid,  will  produce  a  note. 
If  dififereot  lengths  be  given  to  the  same 
blade,  the  number  of  the  vibrations  made  m 
a  given  time  will  be  inversely  as  the  square 
roots  of  the  vibrating  lengths. 

Cjf  reed^pg)es. — tongue  is  generally 
a  vibrating  plate  set  in  motion  by  a  cnrrent  of  air. 

Let  p  (Fig.  221)  be  a  plate  of  metal  2  to  3  mille- 
metres  in  thickness,  having  a  rectangular  opening?, 
a  b  c  d,  3  centimetres  in  length,  and  from  7  to  8 
miUemetres  in  breadth,  over  which  a  very  thin  elastic 
brass  plate  is  fastened,  as  rqiresented  in  the  dia- 
gram.   This  plate  can  vibrate  on  touching  the  edges 


wm.  221. 


Digitized  by  Google 


RIBlKPfYBB. 


ab^be,  and  c  d.  In  this  manner  we  have  a  very  simple  tongue- 
woik»  wkich  can  be  set  in  motkm  by  pvtkmg  tbe  plate  p  length- 
wise  to  ihe  lipa,  and  blowing  ao  aa  to  direet  the  air  against  the  free 
end  of -the  plate  /.   TIm  latter  is  made  te  vibrate  by  the  current  of 

air ;  the  aperture  is  altematcly  opened  and  closed  while  the  current 
first  pours  in,  and  then  is  checked  in  its  course ;  in  this  manner 
sound-waves  arise,  whose  length  depends  upon  the  number  of 
vibrationa  which  the  ditniaisiims  and  elasticity  of  the  plate  /  admit 
of  ite  making  in  a  given  time.  With  the  exception  of  greater 
intensity^  the  note  la  the  same  as  if  the  plate  were  made  to  vibrate 
by  me^anieal  means.  If  we  ilMten  several  sueh  bars  to  one  plate, 
choosing  such  as  will  yield  the  succeeding  notes  of  a  gamut,  we 
may  make  an  instrument  on  which  we  may  play  various  tunes. 
The  tongae-^work  of  aa  organ  depends  upon  similar  principles. 


9W.  asi. 


n«*  taa. 


although  in  this  case  the  tongue  is  dif- 
ferently attached.  Here  we  distingoiali 
two  contignons  tobes^  /  and  t*  (Fig.  22ISt) 
a  stop  b  dividing  them,  and  the  actual 
tongue-piece  passing  through  the  stop. 
The  tongue-work  itself  is  represented  on 
a  larger  scale  in  Fig.  223,  and  oonsiate 
essentially  of  three  parte,  the  channel  r, 
the  tongue  I,  and  the  taning-wire  z. 

The  channel  is  a  prismatic,  or  half  cylin- 
drical tube,  closed  bdow,  and  open  at  the 
top,  having  an  aperture  at  the  side  by 
which  both  tubes  are  joined  together. 

The  tongue  is  the  vibrating  plate ;  in 
ite  natural  position,  the  lateral  opening  of 
^  cbannd  is  either  entudy  or  almost  dosed  by  it ;  that  ia  to  say, 
H  touches  Qpon  the  edges  of  the  opening  with  its  three  free  edges 
during  its  oscillations ;  the  fourth  side  being  secured  to  the  tube 
either  by  a  screw  or  by  soldering. 

The  tuning-wire  is  a  strong  metal  wire,  doubly  curved  below, 
and  pressed  against  the  tongue  along  ite  whole  breadth.  It  nay 
be  pushed  up  and  down  in  the  atop  wiUi  some  friction,  and  thus 
the  vibrating  portion  of  the  tongue  may  be  lengthened  or  ahort- 
ened,  for  the  part  over  the  tuning  wire  cannot  vibrate. 

The  wind  of  the  bellows  enters  through  the  pedal  of  the  tube  /', 
and  pressing  against  the  tongue  to  procure  an  outlet,  forces  itself 
through  the  channel,  and  escapes  £K>m  the  tube  /.   The  tongue 
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lius  brought  out  of  its  equilibrium  returns  immediately  by  means 
if  iti  ekstidty,  making  fihfatioM  flu  this  mamier,  iriiidi  lait  as 
ng  M  lb*  eamal  of  air  oootiiiaei.  fig.  888  nijiim  iili  >  nmi- 
>ipe  m  wUeh  the  part  of  the  tube  opposite  to  the  tongue  is  of 

lass,  the  better  to  show  its  working. 

In  organs  the  reed-pipes  are  often  constructed  somewkai  dif* 
riG.  224.  'eiiai^^  by  theedgcaortiMto^^ 

3edlgw  of  Hw  dwBOid^  aa  codubiled  in  Kg  884. 
I  If  a  reed-pipe  \'ibratc  of  itself  in  free  air — if,  conse- 
quently^ no  pipe,  or  only  a  relatively  short  one,  be 
plaoad  0f€f  il^  ita  nindity  of  vihvatuoy  and  thurafuw 
ita  vote,  depend  upon  ila  daataeityand  iliiiwnaifwa;  i^' 
however,  a  long  tube  be  put  on,  it  >vill  essentially 
modify  the  note ;  the  motion  of  the  tcu^pa  depends, 
therefore,  moie  xspaa  fhe  moklai  of  the  anMvavni  paaa- 
ii^  hadiiWHfda  aad  ftirwarJa  in  the  long  pipe  than  upon 
its  own  daatieity;  it  therefore  vibrates  leas  of  itself 
than  from  external  agents. 

Transnmsion  of  vibrations  cf  tmmd  between  solid, 
jkUf  mud  mSv^m  todim. — U  several  aidid  bodiea  be 
united  together  in  a  whole,  the  vibrations  issuing  from 
one  part  of  this  system  distribute  themselves  with  the 
greatest  ease,  as  advancing  waves  over  the  whole  mass ; 
baviag  veaelied  the  die  naveapMs  mtf  pnr^ 

ally  into  the  oontignous  medium,  the  aeriform  or  flnlAliody ;  they 
re  partially  reflected,  however,  and  regular  vibrations  are  formed 
1  the  separate  parts  of  the  solid  system  by  the  interference  of  the 
Bfleeted  wiA  the  fresh  iMidait  fraiea*  SMi  a  ajiatem  fonui  a 
liole,  which,  if  a  pmut  be  mada  to  vibrate,  wiQ  be  Ike  »  mgia 
>lid  body  divided  into  separate  vibrating  parts,  divided  by  nodes  of 
filiation.  £ach  separate  part  loses,  to  a  certain  degree,  its  indi- 
idoality,  while  ita  eonneetioii  with  tbe  oontignoaa  parte  hndera 
;  from  Tibrating  as  it  would  do  if  it  weie  iscdated. 

While  sound-waves  are  easily  distributed  over  a  system  of  solid 
odies,  they  pass  less  easily  from  a  solid  to  a  liquid,  and  with  still 
"ss  facility  to  a  gasiform  body ;  thua  it  hqppoia  that  many  atroDgl^ 
ibrattng  sdid  bodiea  only  yield  a  very  weak  tone,  owing  to  tiicir 
labiKty  properly  to  impart  their  vibrations  to  the  air.  This  is  the 
ise  with  the  tuning-fork,  for  instance,  which  gives  forth  only  a 
jnt  sound  on  being  struck  witii  force  and  held  free  in  the  air. 
In  ofder  to  bei^iten  the  tone  of  sueb  a  body,  the  trananusaion 

p2 


Digitized  by  Google 


2111  TRANSMISSION  OF  TIBBATIONS  OV  SOUND. 

of  its  vibrstknis  thiott§^  the  stniosphere  must  be  incressed 

thst  is,  by  endeavonring  to  transfer  tiie  regular  vilna* 
tions  of  tlie  sounding  body  to  another.   One  means  with  whieh  we 

arc  already  acquainted  is  to  bring  tbe  low-toned  but  strongly 
vibrutiiig  body  before  a  tube  of  proper  lengthy  and  to  cause  the 
enclosed  air  to  sound. 

A  second  method  of  strengthening  the  tone,  is  by  bringing  the 
sounding  body  in  contact  with  another  of  propcnrtionately  large 
sui&oe,  and  capable  of  being  readily  made  to  vibrate.  There  are 
then  regular  sound-waves  formed  upon  it,  as  we  have  already  men- 
tioned, which  are  more  readily  transmitted  to  the  air,  owing  to  the 
large  area  of  the  sounding  (resonant)  body.  If,  for  instance,  we 
put  the  strongly  struck  tuning-fork,  which  yielded  in  the  open  air 
but  a  faint  sound,  npon  a  box  of  thin  elastic  wood,  the  note  will  be 
given  with  much  more  intensity*  On  this  principle  depends  the 
soundmg-bosrd  used  in  different  musical  mstruments.  In  flutes, 
organ-})ipe8,  &c.,  no  such  application  is  necessary,  as  the  regular 
vibrations  of  a  mass  of  air  yield  the  note,  and  easily  distribute 
themselves  through  the  surrounding  atmosphere. 

As  vibrations  of  solid  bodies  create  sound-waves  in  the  air,  so 
likewise  sound-waves  may,  when  difiusing  themselves  through  the 
atmospb^  cause  a  solid  body  to  vibrate  by  coming  in  contact 
with  it.  Thus,  for  instance,  we  see  the  string  of  an  instrument 
vibrate  if  it  come  in  contact  with  the  sound-waves  of  the  note  it 
yields,  or  with  those  of  one  of  its  harmonic  notes  ;  and  in  this 
manner  the  panes  of  glass  in  a  window  shake  with  violence  from 
the  influence  of  certain  notes  of  the  voice,  or  from  the  report  of  « 
csnnon.  This  phenomenon,  which  is  strikingly  manifested  in 
susceptible  bodin,  also  occurs  in  Isiger  masses  and  in  less  elastic 
bodies ;  sD  tfae  'pOlsrs  and  walls  of  a  large  church  shake  more  or 
less  strongly  during  the  ringing  of  the  bells. 
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CUAPTDA  111. 

OF  TB£  VOICE  AND  HBA&INU. 

The  organs  oj  speech. — It  is  well  known  that  the  wind-pipe  ia 
tube  ending  at  one  extremity  in  the  throat,  and  in  the  other  in 
« Imiga.   Its  espedal  use  is  to  give  a  free  passage  to  air  both  in 

spiration  and  expiration  ;  it  is  almost  cylindrical,  being  composed 
cartilaginous  rings,  which  are  united  together  by  flexible 
embranous  rings.  At  its  lower  extremity,  it  separates  into  two 
besi  the  bnmM,  one  of  which  goea  to  the  ri^t,  the  other  to  the 
ft.  Each  of  these  branches  is  further  ramified  in  all  directions 
the  tissiu;  of  the  lung.  At  its  upper  end  the  \vin(l-pij)e  termi- 
tes in  the  iarynx,  which  is  essentially  the  organ  of  speech. 
The  larynx,  consists  of  fonr  cartilages*  which  ossify  in  extreme  old 
e ;  they  are  the  erieoid,  the  thyroid,  and  the  two  arytenmd  carti- 
jcs.  These  cartilages  arc  connected  with  one  another,  and 
^ewise  with  the  upper  rings  of  the  wind-pipe,  and  may  be  moved 
the  most  varied  ways  by  means  of  differ»it  mnsdes.  The  inner 
dl  of  the  larynx  forms  aprolongation  of  the  wind-pipe,  contracting 
itil  it  becomes  nothing  more  than  a  mere  chink^  directed  back- 
rd,  known  as  the  glottis. 

The  edges  of  the  glottis  are  principally  formed  by  the  chorim 
9ale9,  which  merge  anteriorly  in  the  thyroid  cartilage,  while  at 

5  opposite  extremity  one  chorda  tfocalis  is  incorporated  in  the 
HT,  and  the  second  to  the  other  arj^tenoid  cartilage,  so  that 
ording  as  the  cartilages  are  brought  nearer  to,  or  farther  from 
di  other  by  the  corresponding  mnsdes,  the  cAonfevooofat  become 
ire  or  less  stretched,  while  the  glottis  diminishes  or  enlarges, 
e  c/iorihe  vocales  themselves  consist  of  a  very  elastic  tissue. 
Above  the  edges  of  the  glottis  there  are  two  sac-like  cavities,  one 
the  right,  the  other  to  the  left  side,  stretching  from  eight  to 
le  lines  sidewards,  and  baring  a  depth  of  five  or  six  lines;  these 
:  the  veniriculi  margagni.    The  upper  edges  of  these  ventricals 
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form  as  it  were  a  second  glottis,  lying  five  or  six  lines  above  the 
other.  The  upper  glottis  may  be  covered  by  the  epiglottis,  which  is 
an  almost  triangular  membrane,  or  rather  a  cartilage ;  it  is  attached 
to  the  glottis  anteriorly,  and  when  covering  it,  hinders  all  food  and 
drink  from  getting  into  the  wind-pipe,  since  they  must  pass  over 
it  to  enter  the  CBsophagus. 

The  formation  of  the  larynx  will  be  more  clearly  illustrated  by 
the  accompanying  figures.  Fig.  225  presents  an  anterior  view  of 
it ;  Fig.  226  gives  a  lateral  view ;  Fig.  228  gives  a  posterior,  and 
Fig.  227  a  superior  view,  leaving  out  the  muscles  that  move  the 

riti.  225.  FIG.  226. 
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the  arytenoid  cartilag^es  by  Cj  and  the  epiglottis  by  d.  The 
tier  IS  represented  turned  upwards  to  show  it  more  distinctly. 
1  fig.  1227  we  see  Ibe  glottis  formed  by  tbe  two  lower  charim 
ledb  itetdbed  between  the  tkyroid  «iid  tile  aaytinoii 
1  thie  ^gmre  we  also  see  the  upper  chorda  vocales,  together  with 
le  venlriadi  morgagm  lying  between  them  and  the  lower  chordct 
wales. 

Hie  fcnuatian  of  nolee  in  the  hrynx  ie  qnite  mnilar  to  tiiafc  ef 
led-pipee.   A  tongne-worik  depends  upon  this  principle,  thst  n 

t)dy  yielding  on  a  blow,  either  no  notes,  or  such  only  as  are  very 
lint  and  eonndkes,  may  by  continual  impulses  of  the  air  create  a 
ote  ooffieqponding  to  ite  kngth  and  elaatieify.  In  the  laiynz  the 
ibntionaof  the  tkurdm  eoee&t,  by  whidi  the  gbttb  ia  doaed  and 
pened  in  rapid  alternations,  occasion  the  notes,  as  we  may  easily 
?e  by  the  following  contrivance  made  to  imitate  the  larynx. 
Cut  a  piece  measuring  about  1^  inches  from  a  thin  plate  oi 
aovtchone  {gumsm  dartwian)^  and  let  it  be  of  aofBdent  bieadth  to 
e  firided  round  a  glass-tube  about  six  or  seven  lines  in  diameter ; 
ly  this  so  round  the  f^lass  cylinder  that  one  half  may  surround  the 
Atter,  and  the  other  lialf  project  beyond  it ;  if  we  bring  the  two 
leihfy  cut  e^ea  of  the  caoiitdioactogeQier,tikywiU  adhere  finnly, 
nd  ihna  obtain  a  caontchone  eyiinder  ftstened  to^  and  projecting 
«yond  the  glass  cylinder,  to  which  it  must  be  secured  in  the 
oanner  represented  in  Fig.  229.  If  now  we  fasten  the  caoutchouc 
m.tat.        cylinder  at  ita  upper  cKtranity  to  two  aq^ai^ 

points,  pulling  it  apart,  a  diink  wiD  be  fbfBMd 
(as  seen  in  the  figure)  with  caoutchouc  edges, 
and  if  we  blow  into  the  pipe  superiorly,  we 
obtain  a  tone  which  ia  high  in  prq^ortion  to 
die  Ibree  eierted  by  the  Mpa.  We  may  tine 
clearly  see  the  vibrations  of  the  two  caowt* 
chouc  projections  forming  the  chink. 

The  hci^^t  and  depth  of  the  tones  of  the 
larynx  Ukewiae  depend  open  tiie  tenaionef 
the  ehtrrim  voeahi. 
The  Organ  of  Hearing  consists  of  three  main  parts  :  the  outer 
ar  formed  fay  tiie  concha,  and  the  external  meatus,  the  cavity  of 
lyayttjtaai  aepamted  from  the  above  meatoa  by  the  membrane 
of  the  tympanum,  and  the  labgrmih.   The  labyrinth  eonmta  of 
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osseous  cavities  filled  with  a  fiuid^  and  through  whicli  the  auditory 

nerve  is  distributed ;  in  order  to  enable  these  nerves  to  act,  tbe 
sound-vibrations  of  the  fluid,  which  is  wholly  surrounded  by  bones, 
must  be  transmitted  into  the  labyrinth ;  this  is  effected  by  two 
openings  of  the  labyrinth  leading  into  the  cavity  of  the  tympanum ; 
they  aie  termed  the  foramen  ovale  and  the  fenestra  rotunda;  the 
lattier  is  covered  with  a  tender  membrane,  while  the  former  has  a 
small  bone  inserted  into  it,  by  means  of  a  membranous  investment. 
This  bone,  which  is  termed  the  stapes,  we  are  about  to  describe 
more  fully. 

Fig.  23Q  represents  the  labyrinth  on  an  enlarged  scale,  and 


pio.  230. 


partly  opened.  It  consists  of  three  parts,  the  cochlea,  the  vesti- 
bule, and  the  seniiHsircular  canals.  The  auditory  nerve  is  distri- 
buted partly  in  the  vestibule,  where  it  rests  on  the  ampullae,  the 
tubes  lying  m  the  semi-circular  canals,  and  filled  with  a  peculiar 

tluid,  and  more  especially  in  fine  ramifications  to  tbe  cochlea.  The 
convolutions  of  the  cochlea  are  sL'j)arated  into  two  parts  by  a  fine 
osseous  partition- wall  running  ])arallel  to  one  of  these  convolutions. 
This  wall  is  very  porous  and  cellular,  and  the  former  ramifications 
of  the  auditory  nerve  terminate  in  these  cells,  as  may  be  seen  in  the 
eicposed  part  of  the  codilea  in  our  figure. 

The  sound-vibrations  are  conveyed  by  means  of  the  little  bones 
in  the  cavity  of  the  tympanum  to  the  labyrinth.    Tliese  bones  are 
the  malleus,  which  with  its  handle  grows  into  the  side  of  the 
membrane  of  the  tympanum ;  the  incus  joining  the  malleus  ^^^4 
minected  with  the  stapes  through  the  os  orbicularin;  the  stirpes 


THE  ORGAN  OY  HEARING.  217 

osing  the  foramen  ovale.  The  relative  position  of  all  these 
irts  may  be  seen  in  Fig.  231,  representing  the  labyrinth  on  a  very 
uch  enlarged  scale;  a  is  the  external  meatus  that  conveys  the 


no.  231. 


)und-waves  from  the  concha  to  the  membrane  of  the  tympanum, 
his  latter  divides  the  cavity  of  the  tympanum  from  the  external 
leatus.  The  tympanic  cavity  is  connected  by  the  Eustachian 
ibe  b  with  the  cavity  of  the  mouth,  by  which  means  the  air  in  the 
•nuer  cavity  can  always  be  in  equilibrium  with  the  external  air ; 
is  the  malleus,  growing  into  one  side  of  the  membrane  of  the 
mpanum,  while  on  the  other  side  it  is  inserted  into  the  incus  e ; 
is  the  stapes,  which  as  we  see,  closes  the  foramen  ovale ;  o  is  the 
nestra  rotunda ;  n  is  the  auditory  nerve  distributed  through  the 
byrinth. 

The  separate  parts  of  the  organ  of  hearing  do  not  lie  so  free  as 
ight  appear  from  Fig.  231 ;  the  osseous  casing  which  encloses  the 
hole  being  omitted  for  the  sake  of  giving  distinctness  to  the 
gure.  The  external  meatus  itself  passes  through  the  temporal 
^ne,  the  cavity  of  the  tympanum  is  surrounded  by  osseous  walls, 
id  the  labyrinth  is  formed  in  a  part  of  the  temporal  bone,  called, 
1  account  of  its  hardness,  the  petrous  portion,  from  which  it  can 
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onljbeMpHHtadfiithdifficidtj.  In  arder  to  afiord  m  eoneot  idea 
of  tbeaepnefeepvtsof  the  ovg«a  of  hearing,  and  the  nMuiar  in 
which  they  grow  in  the  oaaeooa  man,  we  have  given  at  Fig.  232 
an  actual  anatomical  section  of  the  parts,  represented  according  to 

FIG.  232.  their  natural  size ;  a  is  the 

section  of  the  cochlea,  b 
of  one  of  the  aemi-circaiir 
canals^  n  the  nerve,  t  (ha 
membrane  of  the  tympa- 
nwn,  the  malleus,  incus, 
and  stapes,  are  also  clear- 
ly defined. 

The  concha  Benrea  to 
receive  the  air-trtvea  and 
£ohd«et  them  through  the 
meattiB  to  the  membranes 
of  the  tympanum  ;  the 
latter  is  thus  put  into 
vibrations  which  are 
transmitted  through  the 
oaaielea  and  through 
the  air  in  the  etentj  of 
the  tympanum  to  the  la- 
byrinth. The  membrane 
of  the  tympanum  may  be 
made  more  or  lees  tenae 
^  and  drawn  inwarda  hf 
meana  of  the  mnade  I;  while  bj  the  mnade  «,  the  atiqpea  may  be 
moved,  and  the  intenaity  of  the  aoond^  therefor^  oonBidevabfy 
modified. 

The  most  essential  part  of  the  organ  of  hearing  is  the  mtdifory 
nerve ;  hence  the  membrane  of  the  tympanum  may  be  injured,  and 
the  series  of  the  ossicles  broken  without  the  hearing  wholly  cenilig; 
in  many  of  the  lower  animals,  aa  in  the  crab,  the  organ  of  hearing 
consists  merely  of  a  vesicle  fiUed  with  flnid,  in  whidi  the  veaMi  of 
is  distributed. 
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IMT&ODUCTION. 

or  LiuuT. 

Fhe  most  casual  observation  teaohfis  m  that  a  luminom  pomi 
ida  ila  light  in  all  dbaetiooai  a  bnnung  t^^^  tat  instaniM^ 
aadrnthcdoilnof  aaplMriedawAMBe  wmU  be?iiiUefr«Nn  aD 

nts  of  that  surface ;  the  same  is  the  case  with  regard  to  a  phos- 
>rescent  body^  an  electrical  sparky  &c.  What  is  evident  to  our 
omon  ei|Mneii€e  on  a  amall  scale,  takes  place  alike  in  the  vast 
nmo  of  hoaTqi  Tlia  Sim  abads  ita  light  in  all  diiaotioiia  of 
lee ;  its  light  readies  simultaneously  the  earth  and  the  other 
nets,  the  comets  and  all  the  other  bodies  of  the  firma- 
sty  be  thm  poeition  what  it  may  in  the  bonndleaa  of 
mu 

An  knniiioiiie  bodiea  coneist  eeaeatiatly  of  po&denlik  matter  i  a 

•iium  may  transmit,  but  it  cannot  engender  light.  All  common 
iifis  admit  of  being  divided  into  amaller  and  still  amaller  parti- 
ii  nd  tbe  altimale  phjeieaUj  perceptibk  atooii  ore  fmied 
mmu  pami$*   Aa  every  body  ia  an  aaMnblage  rfnoleealeaor 

»ms,  80  is  a  luminous  body  an  assemblage  of  luminous  points. 
Bodies  which  are  not  self-lominoos  are  divided  into  opaque 
woody  atooai^  metala^;  irmiparmti,  as  air,  water,  glaia;  and 
mdmmd,  aa  thin  paper  andtpmnd  g^asa. 
Opaque  bodiea  do  not  suffer  light  to  pass  through  their  mass ; 
t  opacity  always  depends  upon  the  thickness  of  the  body,  for  all 
lies  will  admit  of  the  passage  of  some  degree  of  light  if  we 
iketbem  sofieiently  tbin.  For  inatmoe,  we  may  peroeive  a 
lish-green  light  tbrough  a  tbin  gold  leaf  glued  on  a  glass  plate, 
m  hold  it  to  a  taper,  or  up  to  the  Ught. 
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Transparent  bodies  yield  a  passage  to  light,  and  allow  of  otir 
seeing  with  distinctness  the  form  of  objects  beyond  them.  Gases, 
fluids,  and  most  crystallized  bodies  appear  to  be  perfectly  trans- 
parent when  taken  in  small  quantities;  for  in  this  case  they  seem 
to  be  wholly  colourless,  and  not  only  admit  of  our  seeing  the 
form,  but  also  the  colour  of  objects :  transparent  bodies  appear, 
however,  to  be  coloured  if  they  are  thick — a  proof  that  they  must 
absorb  some  portion  of  light.  A  drop  of  water,  for  instance, 
appears  wholly  colourless,  whilst  the  same  fluid  taken  in  a  mass 
has  a  wdl-marked  green  hue. 

Tremstueent  bodies  admit  of  the  transmission  of  some  portion  of 
light,  without,  howerer,  allowing  the  form  or  colour  of  objects 
being  recognised.  As  long  as  a  ray  of  light  remains  in  tlu*  same 
medium,  it  advances  in  a  straight  line ;  but  as  soon  as  it  conies  in 
contact  with  another  body,  it  is  partly  tluown  back,  reflected  from 
its  surface;  it  partly,  however,  enters  the  body,  if  it  be  transparent, 
in  an  altered  direction,  and  is  then  re/raeied.  We  shall  eonaider 
the  subject  of  reflection  and  refraction  more  fully  in  a  subseqaent 
page. 

The  velocity  with  which  light  travels  is  so  great,  that  it  traverses 
all  distances  upon  earth  in  an  imperceptibly  small  s]>aee  of  time. 
By  means  of  observations  on  the  echpses  of  Jupiter's  satellites, 
astronomers  have  ascertained  that  light  is  transmitted  with  sueh 
velocity  as  to  traverse  the  spaee  between  the  sun  and  the  earth  in 
dght  minutes  and  thirteen  seconds,  passing  consequently  over 
195,000  English  miles  in  one  second.  A  cannon  ball  going  at  the 
rate  of  1200  feet  in  a  second  would  require  fourteen  years  to  go 
from  the  sun  to  the  earth. 

SAadatvs  and  half  shadows. — A  consequence  of  the  straight  trans- 
mission of  light  is,  that  a  dark  body  exposed  to  rays  of  light, 
throws  a  shadow;  if  only  lighted  by  a  single  luminoua  body,  it 
is  easy  to  define  the  shadow.    The  totality  of  all  the  Imea 
riG.  233.  issuing   from  the  luminous 

 ^^^^r — - —  point,  and  striking  the  dark 

i^^^KaLi^^.^  body,  forms  a  conical  surface, 
and  the  part  of  it  lying  beyond  the  dark  body  forms  the  limita  of 
the  shadow. 

If  the  luminous  body  have  any  considerable  ezpansiouj  there 

will  be  a  half  shadow  distinguishable  beyond  the  true  skadow. 

The  shadow,  which  in  this  case  is  the  central  shadow,  is  the 
space  receivmg  no  light,  the  half  shadow,  ou  the  contrary,  is  the 
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^regate  of  all  the  spots  receiving  light  from  some  luminous 
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1 


nts,  but  not  from  others.  Let  A  (Fig.  234)  be  a  large  lumi- 
Qs  ^here^  B  a  small  opaqvie  one.  The  figure  clearly  shows  the 
cut  of  die  true  ahidow  and  the  half-sfaadow.  The  ahadoir 
old  assume  the  appearance  shown  at  Fig.  235^  if  received  upon 
no.  235.  ^  screen  m  n.  The  diameter  of  the  true  shadow 
diminishes  with  the  distance  of  the  luminous 
body,  while  the  diameter  of  the  half  shadow 
inereaaeaL  Tlie  trae  ahadow  is^  therefore,  tor^ 
rounded  by  a  narrow  half  shadow,  close  to  the 
shading  bodies ;  close  to  the  back  of  the  shading 
body,  the  outline  ia  somewhat  aharply  defined; 
an  inereaaed  diatance,  the  width  of  the  half-ahadow  IS  more 
isiderable,  and  the  transition  from  the  true  shadow  to  the  tuU 
ht  on  that  account  more  gradual,  w  liilc  the  shadow  instead  of 
ing  aharply  defined  seems  imperceptibly  disappearing.  Beyond 
;  point  9,  llie  true  ahadow  entirely  eeaaea,  and  the  half  ahadow 
Teasing  continually  in  breadth,  becomes  on  that  aeeonnt  fiunter 
d  more  undefined. 

In  this  manner  we  may  understand  how  the  shadow  of  a  body 
posed  to  the  son'a  light  ia  aharply  defined  doae  behind  it,  while 
a  greater  distanee  it  becomes  quite  undefined.  Thna,  for  matance, 
cannot  accurately  mark  the  point  where  the  shadow  of  the  a])cx 
a  steeple  is  lost  upon  the  ground.  A  hair  held  up  in  the  sun- 
hteloaetoaaheetofpaper  willeaataaharp  ahadow,  while  if  held 

0  inehea  above  it,  a  ahadow  ia  acarody  to  be  observed.   If  now 

1  light  issuing  from  a  hiininous  point  be  thrown  upon  a  screen, 
rough  which  a  small  aperture  has  be^n  made,  the  light  passing 
rough  thia  opening  will  form  a  well  defined  xay ;  if  we  let  thia 
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itgr  fiH  iqpoB  ft  taonA  ian«i»  iro-dMdl  lim  a  kmuBOOt  qpti  «poii 
adarkground.  InllikiiiaiiiierwebbCtm on theifi^ 

dark  room  opposite  to  a  minute  aperture  in  tbe  shutter,  an  image 

of  an  external  luminous  point,  sending  rays  of  light  through  the 
aperture  into  the  chamber,  and  thus  inverted  images  of  all  external 
object!  may  be  thrown  upon  a  wall,  (Fig.  236).   If  we  allow  the 
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light  of  the  sun  to  pass  through  a  small  opening,  we  shall  at  all 
times  have  a  round  image  of  the  sun,  let  the  shape  of  the  openin;^ 
be  what  it  may.  This  at  first  sight  apparently  strange  fact  admits 
of  a  simple  explanation.  If  the  sun  were  a  single  luminous  point, 
a  lig^t  qioi  would  be  Ibnned  upon  thowall  opposite  to  the  openings 
and  having  precisely  the  form  of  that  opening.  If  we  asmmm  that 
die  opening  o  (Fig.  237)  is  quadrangular,  tite'  light  fuamg  from 

no.  2S7. 


the  highest  point  of  the  sun's  disc  will  fall  upon  the  screen  in  the 
direction  son,  while  a  small  quadrangular  light  spot  will  appear 
at  II.  The  lowest  point  of  the  sun  occasions  a  quadrangular  image 
at  tif'j  while  the  middle  point  of  the  sun's  disc  forms  the  angular 
figure  n'.  The  image  /  comes  from  the  extremest  point  of  the 
right  limb  of  the  sun,  and  r  from  the  extreme  point  of  the 
left.  All  the  other  points  of  the  sun's  limb  give  quadrangular 
figures,  £dling  upon  the  circumference  of  the  circle  /  n"  r  a,  whilst 
the  remaining  points  of  the  sun  illuminate  the  interior  of  this 
eirde ;  the  aggragite  of  all  the  sepaiate  quadrangular  bri^t  images 
forma  eonseqoentiy  a  eixeular  iUumihated  spot. 
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7%e  intensity  of  Light  diminishes  inversely  as  the  square  of  the 
distance. — If  we  su})po8c  a  luminous  point  in  the  middle  of  a 
hollow  sphere,  its  sui-face  will  receive  all  the  light  issuing  from 
the  point.  If  the  same  luminous  point  were  in  the  middle  of  a 
hollow  ball  of  two  or  three  times  as  large  a  radius^  the  surfaces  of 
this  larg^  ball  will  receive  all  the  light  issuing  from  the  pmnt. 
Bat  geometry  teaches  ns  that  the  sorfiices  of  qphms  aie  aa  the 
squares  of  their  radii ;  if,  therefore,  the  radii  of  a  sphere  arc  as 
1:2:3,  the  surfaces  will  be  as  1 :  4  : 9.  Thus  if  the  same  lumi- 
nous point  be  in  a  sphere  of  2  or  3  times  as  great  a  radius,  the 
same  quantity  of  light  must  spread  itself  over  a  surface  4  or  9 
times  as  great ;  the  intensity  of  the  light  will  consequently  be  4  or 
9  times  less,  if  the  illominated  sni&ces  be  at  2  or  8  times  aa  great 
a  distance  from  the  luminons  point :  that  is  to  say,  in  general 
terms :  the  intensity  of  light  diminishes  in  proportion  as  the  squares 
of  the  distances  increase. 

This  proposition  is  not  strictly  applicable  to  a  luminous  body 
of  considenble  surfaoe,  whose  light  is  taken  up  from  a  small 
distance* 

On  this  is  based  the  comparison  of  the  intensity  of  lig^t  yielded 
by  diflferent  soorces.   In       288  CD  represents  a  white  wall. 


Inmiediatdy  before  it  there  ia  placed  an  opaqne  rod  somewhat 
thieker  than  a  poicil ;  if  now  thoe  be  a  li^^t  at  /  and  another  at 
L,  two  shadows  of  the  rod  will  be  seen  upon  the  walli  one  at  A, 

the  other  at  B. 

The  part  of  the  wall  free  from  shadow  is  lighted  by  /  and  Z>, 
while  the  shadow  A  is  only  illuminated  by  the  light  I  and  B  by 
the  light  L.   If  now  both  sources  of  light  are  predady  alike,  both 
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shadows  will  appear  equally  dark^  provided  the  two  lights  are  at 
equal  distances.  Bat  if  L  yield  more  light  at  an  equal  distance, 
the  shadow  B  will  he  less  dark  than  and  in  order  to  make  both 
shadows  alike,  it  would  be  necessary  to  remove  L  further  from 

the  screen. 

If  we  assume  that  h  were  really  so  far  removed  that  both 
sliadows  were  again  made  equal,  the  intensity  of  light  yielded  by 
the  two  flames  would  be  as  the  squares  of  their  distances  from  the 
screen ;  if,  therefore,  L  were  two  or  three  times  further  from  the 
screen  than  /,  the  intensity  of  light  from  L  would  be  four  or  nine 
times  as  great  as  that  of  /. 


CHAPTER  I. 

REFLECTION  OF  LIOHT. 

Reflection  of  light  fi-om  smooth  surfaces. — ^If  we  let  a  ray  of 
sun-light  enter  a  darkened  room,  and  fall  upon  a  polished  metallic 
surface,  we  generally  notice  the  two  following  ])henomena : — 
1.  We  observe  a  ray  which  seems  to  have  come  in  a  certain 
direction  from  the  mirror,  forming  a  little  image  of  the  sun 
upon  the  objects  with  which  it  comes  in  contact,  as  if  a  direct 
sunbeam  had  struck  the  spot ;  such  rays  are  regularly  reflected, 
and  the  intensity  of  their  light  is  more  considerable  in  proportion 
as  the  mirror  is  well  polished  ;  2.  From  different  parts  of  the 
dark  room,  we  may  distinguish  that  |)art  of  the  mirror  which 
is  struck  by  the  incident  sunbeam ;  this  arises  from  a  portion 
of  the  incident  light  being  irregularly  r^eted:  that  is,  scattered 
in  all  directions  from  the  incident  sunbeam.  The  intensity  of 
the  scattered  light  is  greater  in  proportion  as  the  mirror  is 
imperfectly  polished. 

If  there  were  absolutely  smooth  rcHccting  surfaces,  we  should 
not  be  able  to  ])erceive  them  by  our  eyes,  for  bodies  are  only 
rendered  perceptible  from  a  distance  by  the  rays  scattered  upon 
their  sur&ces.  Regularly  reflected  rays  show  us  the  images  of 
the  luminous  point  whence  they  originate,  but  not  the  reflecting 
body.  In  a  very  good  mirror  we  scarcely  perceive  the  reflecting 
surface  intervening  between  us  and  the  images  it  shows  us. 
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We  will  now  proeeed  to  delenmne  the  dmetioa  of  ngolarly 
kctodnqft.   In  Kg.  S89,  if  r  t  beOiednedjon  otthern^ 
Fio.  239.  ip  B,  perpendicular  diawn  from  the 

surface  of  the  mirror ;  the  ray  will  be  reflected 
in  SQcb  a  directum  t  d  that  the  angle  of  leflee- 
£f  tion  dip  is  equal  to  the  angle  of  ineidenoe  rip; 
the  ray,  therefore,  makes  before  and  after  its 
lection  the  same  ani^le  with  the  ])cr{)cndicular :  farther,  the 
adent  ray^  the  perpendicular  and  the  reiiected  ray,  all  lie  in 
eaameplttie. 

By  the  bdp  of  these  prineiples  we  may  easily  pro?e  that*  a 

me  mirror  nnist  show  the  images  of  objects  lying  before  its 
looih  surface,  and  that  the  imagea  and  object  must  be  symme- 
leal  in  idation  to  the  reflecting  plane. 

Lei  wiHm  (Fig.  2 10)  be  a  smooth  mirnnry  /  a  Inminooa  pdnt 

before  it,  and  throwing  a  ray  /  i  upon 
it.    This  ray  is  now  rctlected  in  the 
direction  t  e,  in  accordance  with 
known  kw%  and  if  die  refleeted  ray 
impinge  upon  the  eye,  it  will  produce 
the  same  effect  as  if  it  came  from  a 
point  behind  the  mirror,  lying  up 
the  prokttigafcion  of  ei,  ind  it  a 
stance  from  the  eye  equal  to  Ae  space  the*  ray  must  really 
averse  from  /  to  t,  and  from  thence  to  the  eye ;  we  there- 
re  find  this  point      by  prolonging  c  i  and  midung  il*  z=iiL 
'  noir  we  jcin  /  and  ^  by  a  straight  line;,  m  may  easily  diow 
tat  the  triangles  lik  and  t  i  k,  are  equal  to  one  another,  and 
lenee  it  further  follows  that  /  /'  is  at  right  angles  to  m  m', 
id  that  I  k  =ss    k.    In  order,  therefore,  to  find  the  image  of  a 
wmorn  pond  am  a  mnooih  mirror;  U  i$  ofify  neeotowy  io  ki  ftU 
pm'pmikulwr  from  ike  hmuneus  pomt  on  ike  wdrrof,  or'  on  to 
^olongationy  and  to  prolong  it  as  far  behind  the  surface  of  the 
irror  as  the  luminous  point  lies  before  it. 
As  this  applies  to  any  point  of  a  body  emitting  light,  whether 
lat  light  be  tta  own,  or  sealtsced  rays,  we  may  eaaSy  eonstmet 
ie  image  of  an  object.    Let  F  IF  be  a  plane  mirror  (Fig.  241), 
I  B  an  arrow  lying  before  it :  we  shall  find  the  image  of  the 
oint,  if  we  let  fall  a  perpendicular  A  k  from  A  to  the  surface 
f  the  anf  mk»  ita  prdoogation  a  k  eq[oal  to  ^  A;  all 

lie  rays  passing  from  A  appear  to  diverge  aflinr  redeeliop  as 
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if  they  came  from  a ;  a  is  thereftR 
the  image  of  ^;  in  the  same  wtt 
it  foUoin  tlMt  b  mmt  be  tke  ivp 
of  J9 ;  the  appeanmee  of  the  %w 

shows  clearly  that  both  the  im^ 
and  the  object  are  symmetricil  b 
relation  to  the  aurfbee  of  tbe  nimr. 


In  general  the  toBoming  Idh 

good : 


of  inddencCi  without,  howeter,  being  null  at  lecCangnlar  mi- 

dencc. 

2«  It  depends  upon  the  medinm  ia  which  the  li^bt  mm% 
and  againat  iMA  it  impingea. 
We  win  bore  addnee  a  ibw  CBDnqpke  fsrtbeedDB  of  ■Mlb«g(k 

natter  clearer. 

If  the  rays  passing  from  the  flame  of  a  taper  fall  nearly  at 
angleaon  a  plate  of  gfoond  §^aas»  we  are  unable  to  diatinguiAaq 
image  of  the  flame,  but  paroeife  it  phioly  when  the  rmju  fidi  ipm 
the  glaaa  obliquely ;  in  this  case  we  may  also  see  tbe  image  €B 

polished  wood,  shining  coloured  paper,  &c.;  whence  it  follows  thai 
.  the  quantity  of  reflected  light  ia  imareaaed  in  proportion  wilh  Iht 
obli^puAy  of  the  rajB. 

An§h§  of  refleetum.^\t  two  be  placed  togelbcr  aft  «w 

angle,  we  sec  many  images  of  the  objects  intcrveninsr  bctwtft. 
them,  their  number  depending  upon  the  inclination  of  the  minan. 
Let  VWwaAZW,  in  gig..a4a^  be  two  phtin  mineta,  mniiwg  n 
right  angka;  and  a  huniiioaa  point  within  the  an|^  foraaid  If 
them.  In  the  first  place  an  image  of  A  will  be  seen  in  each  mirror, 
appearing  in  the  one  at  ^,  and  in  the  other  at  a*  an  eye  at  O  vili 
see  beaidea  the  object  A,  the  images  a  and  0f  reflected  fnm  A  hgf  a 
aingkndeetiQn.  But  aU  raja  leflerted  firm  one  mirror  aMjAdlips 
the  other  minNN%  and  auflRnr  refleetion  fifom  the  latlBf  •  Aa  all  tk 
rays  reflected  from  the  first  mirror  diverge  as  if  they  came  from  a,  # 
ia  to  tome  extent  an  object  which  aenda  raya  to  the  minor  Z  if» 
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and  wc  may  consequently  easily  find  the  reflceted  image  of  a  in  the 
mirror  Z  IV;  let  us  now  let  fall  a  perpendicular  from  a  on  the 

PIG.  242. 


prolongation  of  Z  W,  producing  it  in  the  manner  already  indicated, 
when  we  obtain  the  image  a",  from  which  all  the  rays  appear  to 
emanate,  which  are  reflected  from  the  mirror  V  fV  to  the  mirror 
Z  JV,  where  they  undergo  a  single  reflection ;  and  thus  the  eye  at 
O  perceives  another  image  at  a"  after  a  second  reflection. 

But  the  image  a  is  an  object  for  the  mirror  V  IV,  and  if  wc 
determine  the  situation  of  the  image  of  a*,  we  find  that  it  is  like- 
wise a'' ;  that  is,  all  the  rays  reflected  from  Z  W  upon  the  mirror 
V  JV,  diverge  after  the  second  reflection  as  if  they  came  from  a". 

The  rays  reflected  a  second  time  do  not  fall  upon  either  of  the 
mirrors ;  or  in  other  words,  no  further  image  of  a"  is  visible ;  we 
therefore  see,  besides  the  object  A  in  this  case^  three  images 
of  it. 

If  the  mirrors  had  inclined  at  an  angle  of  GC^,  45^,  or  ^6^,  that 
is,  if  the  angle  they  made  amounted  to  the  i,  or  of  the 
whole  circumference,  we  should  have,  inclusive  of  the  object  itself, 
6,  8,  or  10  images. 

Upon  this  principle  rests  the  construction  of  the  kaleidoscope. 
As  we  have  seen,  the  number  of  the  images  increases  if  the 
angle  be  diminished ;  their  number  becomes  infinitely  great  if  the 
angle  of  the  mirrors  be  null ;  that  is  if  the  mirrors  be  parallel  to 
each  other. 

Reflection  from  curved  mirrors. — If  a  ray  of  light  fall  upon  a 
curved  surface  at  any  point,  it  will  be  reflected  exactly  as  if  it  had 

Q  % 
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faDeii  upon  tbe  plane  tangent  to  this  point.  A  Ittminous  point 
which  is  placed  in  the  centre  of  a  polished  sphere,  therefore,  will 
send  rays  of  light  to  all  points  of  the  sj)hcricai  surfacej  which  will 
be  all  thrown  back  collectively  to  the  centre. 

If  we  take  a  hollow  sphere,  whose  inner  surface  is  wdl  polished, 
then  a  piece  eat  horn  this  sphere  by  a  plane  forms  a  ameave 
tpherieal  mirror;  while  a  conyez  spherical  mirror  is  a  section  of  a 
sphere  polished  externally. 

The  diameter  of  a  spherical  mirror  is  the 
line  m  m',  Fig.  243,  connecting  two  opposite 
points  of  the  edge ;  the  line  c  a,  connecting 
the  middle  point  of  the  sphere  with  the  middle 
of  the  mirror,  is  termed  its  axis;  and  the 
angle  formed  by  the  lines  e  m  and  e  m',  its 
aperture.  The  central  point  c  of  the  sphere, 
of  which  the  mirror  is  a  part,  is  also  called  the  centre  of  curvature. 
Of  concave  spherical  mirrors, — Let  A  B,  Fig.  244,  be  the  section 

Fio.  244. 


of  a  spherical  eoneave  mirror,  whose  oentre  ia  m.  Let  a  be  a 
Inminons  point,  throwing  its  lays  upon  the  mirror.  If  now  we 
draw  a  straight  line  ami  from  the  point  a  through  the  centre  of 

the  sphere  to  the  mirror,  this  line  will  be  the  axis  of  the  coal 
pencil  of  rays  reflected  by  the  mirror.  It  is  easy  to  find  how  a 
ray  a  6  of  this  pencil  of  rays  is  reflected  from  the  mirror,  for  the 
straight  line  drawn  from  b  to  the  focus  m  is  the  perpendioular  at 
the  point  of  incidence.  If  we  make  the  angle  t  =  to  the  an^  1% 
h  e  is  the  reflected  ray. 

If  we  suppose  a  circle  to  be  drawn  upon  the  mirror,  whose 
pointfi  are  all  as  far  from  d  as  A,  it  is  easy  to  see  that  all  rays 
emitted  from  and  striking  the  mirror  at  any  point  of  this 
circle,  are  so  reflected  that  they  cut  the  axis  ad  ixi  the  same 
point  c. 

If  the  luminous  point  be  very  far  removed,  we  may  consider 
all  the  rays  it  throws  upon  the  minor  as  parallel  to  each  other. 
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Fio.  245. 


Let  us  dctennine  the  position  of  the  point  c  for  this  case.  In 
Fig.  245  let  a  b  be  an  incident  ray  of  light  parallel  to  the 

axis ;  b  m  the  perpen- 
dicular at  the  point  of 
incidence ;  then  it  is 
evident  that  t  =  x.  If 
now  the  angles  t  and 
X  are  very  small,  the 
angle  b  c  m  is  so  obtuse  that  the  sam  of  the  sides  b  c  and  c  m 
is  not  much  greater  than  the  radius  b  m,  and  since  be  =  c  m, 
c  m  is  very  nearly  equal  to  ^  b  m,  that  is,  almost  equal  to  half 
the  radius ;  we  may  therefore  assume  without  any  serious  error 
that  rays  parallel  with  the  axis,  falling  upon  the  mirror  in  such 
points  b  tliat  the  arc  b  d  embraces  but  a  small  angle,  meet 
at  one  point  of  the  axis,  lying  equi-distant  between  the  centre 
of  the  mirror  and  the  mirror  itself.  Rays  lying  so  near  the  axis 
that  the  value  of  m  c  does  not  differ  materially  from  \  m  b 
are  termed  central  rays.  The  point  of  union  of  the  parallel  and 
central  incident  rays  bears  the  uame  of  the  principal  focus.  (It 
will  be  marked  F  in  the  following  figures.)  This  focus  lies,  as  we 
have  seen,  equi-distant  between  the  centre  of  the  mirror  and  tite 
mirror  itself,  upon  the  axis  of  the  parallel  rays. 


no.  246. 


no.  247. 


The  more  the  angle  t  increases,  that  is,  the  further  the  rays  fall 
from  the  axis  of  the  mirror,  the  greater  is  the  curvature  of  the 
mirror  from  the  point  of  incidence  to  its  centre,  and  the  more  the 
point  c,  in  which  the  reflected  rays  cut  the  axis,  approaches 
the  mirror.  The  point  of  union  of  the  rays  that  are  not  central 
lies,  therefore,  nearer  to  the  mirror  itself  than  the  principal  focus, 
as  may  be  seen  from  the  Fig.  247. 

In  order  to  make  a  concave  mirror  applicable  to  optical  purposes, 
the  rays  emitted  from  one  point  must  rc-unitc  as  nearly  as 
possible  in  another  single  point.    This,  however,  is  only  possible 
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if  the  aperture  of  the  mirror  be  inconsiderable,  not  exceeding, 
at  most,  S  to  W;  for  in  that  case  we  may  consider  all  the  rays 
fulling  upon  the  mirror  as  central  rays.  We  will  confine  ourselves 
to  the  consideration  of  such  mirrors,  and  consequently  of  central 
rays  only, 

Tlie  above  mentioned  fault  that  all  rays  falling  parallel  with 

the  axis  are  not  united  exactly  in  one  point  is  termed  spherical 
aberration. 

If  the  luminous  point  is  not  at  an  unreasonable  distance,  but 
simply  such  a  one  that  wc  cannot  neglect  the  divergency  of  the 
rays  falling  upon  the  mirror  the  focus  will  change  its  position, 
departing  more  and  more  from  the  mirror  the  nearer  the  luminous 
point  approaches  it.  That  such  is  the  case  may  easily  be  seen 
from  Fig.  248.    The  nearer  the  luminous  point  is,  the  smaller 


no.  248. 


will  be  the  angle  i  to  the  same  point  b  of  the  mirror,  the  smaller 
also  will  be  the  angle  i',  and  the  more  c  will  move  towards 
m.  If,  therefore,  a  luminous  point  constantly  approaches  the 
mirror,  from  which  it  was  so  far  removed  that  its  rays  were 
again  concentrated  in  the  principal  focus,  the  focus  will  continue 
to  recede  from  the  principal  focus,  approaching  the  central 
point,  until  at  last,  when  the  luminous  point  is  in  the  centre 
of  the  mirror,  the  focus  coincides  with  it.  If  the  luminous  point 
approach  still  nearer  to  the  mirror,  the  focus  falls  farther  and 
farther  from  the  mirror ;  and  if  it  arrives  at  the  principal  focus, 
its  rays  will  be  reflected  from  the  mirror  parallel  with  the  axis. 
Fig.  249  represents  the  only  remaining  case,  namely  that  of 
no.  249.  the  luminous  point  8  lying  between  the 

mirror  and  the  principal  focus.  Here  the 
rays  are  so  reflected  that  they  diverge  after 
the  reflection  as  if  they  had  come  from 
a  point  V  lying  behind  the  mirror,  and 
which  may  easily  be  found  by  construction 
fur  any  given  case. 
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We  have  hitherto  considered  only  such  luminous  points  as 
lie  on  the  axis  of  the  mirror,  where,  consequently,  the  axis  of  the 
rays  thrown  upon  the  mirror  coincides  with  the  axis  of  the 
mirror  itself.  All  the  laws  we  have  hitherto  developed  apply, 
however,  equally  to  such  luminous  points  as  lie  out  of  the  axis 
of  the  mirror ;  let  A  be  such  a  luminous  point  in  Fig.  250.  If 


no.  250. 


we  draw  a  line  from  A  through  m  to  the  mirror,  this  is  the 
axis  of  the  conical  pencil  of  rays  cast  on  the  mirror,  and  on 
this  axis  all  the  rays  emanating  from  A  must  again  unite.  If 
a  whole  pencil  of  rays  fell  parallel  to  A  m  b  upon  the  mirror, 
they  would  re-unite  after  reflection  in  the  point  /,  lying  half 
way  between  m  and  b ;  as,  however,  the  rays  coming  from  A 
diverge,  their  point  of  re-union  will  lie  further  from  the  mirror 
than  /.  We  may  easily  find  this  point  of  union  by  construction. 
Let  us  draw  a  line  A  n  from  A  parallel  with  the  axis  of  the 
mirror.  A  ray  falling  upon  the  mirror  in  this  direction  will 
evidently  be  reflected  towards  the  principal  focus  F;  if  now  we 
draw  a  line  from  n  through  F,  this  line  will  cut  the  line  A  m  b, 
the  point  of  intersection  a  is  clearly  that  in  which  all  the  rays 
coming  from  A  are  again  united  after  their  reflection  by  the 
mirror  :  in  short  a  is  the  image  of  A, 

Of  the  images  produced  by  concave  mirrors. — In  Fig.  251  let 

no.  251. 
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A  B  tepnmai  an  object  lying  between  tbe  eenlie  of  eorfitare 
C  of  tbe  mirror^  and  tbe  prindiMl  foena  F,   From  wbat  baa  been 

already  cndd,  it  is  easy  to  find  the  image  of  the  point  A  as  it  lies 
upon  the  line  drawn  through  C  and  A,  since  a  i-ay  A  n  is  reflected 
in  the  direction  n  A.  A  ray  A  e  falling  from  a  parallel  to  the 
main  axis  on  the  mirror,  will,  however,  be  reflected  by  the 
principal  focua  Tbe  raya  reflected  in  tbe  directiona  nA 
and  e  F  interaect  eadi  otber  at  a,  and  bere  ia  tbe  image  of  A, 
In  like  manner,  we  can  find  tbe  image  &  of  tbe  pmnt  B,  and 
thus  we  see,  (hat  by  means  of  a  concave  mirror,  we  may  obtain 
beyond  C  an  inverted  and  enlarged  image  of  an  object  A  B  lying 
between  the  principal  focal  point  and  the  centre  of  curvature, 

Aa  tbe  raya  iaauing  from  A  are  united  at  a,  so  conversely,  if  a 
were  a  Inminooa  point,  tbe  raya  iiauing  from  it  would  be  reflected 
by  ibe  mirror  at  ^ ;  in  abort  >f  ia  in  tbia  caae  tbe  image  of  a;  in 
10[e  manner  B  ia  tbe  image  of  b,  Jf  therefore,  an  obfet^  ^  h  be 
beyond  the  centre  C,  the  concave  mirror  will  give  an  inverted  and 
diminis/ied  image  between  the  centre  C  and  tlie  principal  focal 
point  F. 

The  images  we  have  been  conaidering  are  essentially  different 
from  ibose  yielded  by  plane  mirrors.  Ail  raya  emitted  firom  a 
Inminooa  point  are  reflected  from  a  plane  mirror  in  andi  a 
direction  aa  if  they  came  from  a  point  bebind  tbe  mirror,  conae- 
qnently  tbey  diverge.  In  the  cases  above  considered,  bowevcr,  the 
rays  issuing  from  any  point  of  the  object  are  actually  again 
collected  by  means  of  the  mirror  in  one  point ;  we  will,  therefore, 
for  tbe  aake  of  distinction  call  these  images  convergent  imageg. 
They  may  be  lecaved  on  a  screen  of  wbite  paper  or  ground  gbaa, 
and  an  image  may  be  tbua  obtained  eiactly  resembling  tbe  object 
in  all  ita  relations ;  tbe  points  of  tbe  screen  strongly  illnminated 
by  the  concentration  of  the  rays  scatter  the  light  in  all  directions, 
and  the  image  is  then  still  visible  if  the  rays  reflected  from  tbe 
mirror  do  not  come  direct  to  the  eye. 

Tbe  further  tbe  object  is  moved  from  the  concave  mirror,  tbe 
more  tbe  image  must  approacb  tbe  principal  focal  point,  aa  mvf 
easily  be  nnderatood;  the  image  of  tbe  inuneasurably  remote  aon 
must  tbereforo  lie  in  tbia  focal  point,  if  tbe  aada  of  tbe  nurrar  be 
directed  towards  the  sun.  If  tbe  sun-beams  fiedl  obliquely,  and 
consequently  not  in  the  direction  of  the  axis  of  the  mirn^r,  the 
image  will  of  course  no  longer  be  in  the  axis,  but  to  the  side  of  it, 
its  distance  from  tbe  mirror  being,  however,  always  equal  to  half 
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radius  of  curvature  of  the  latter.  As  the  sun  appears  to  us  at 
an^le  of  about  SO',  the  image  of  the  sun  seen  from  C  must 
>ear  at  the  same  angle ;  its  absolute  size  depending  consequently 
m  the  radius  of  curvature  of  the  mirror.  For  instance  in  the 
us  of  Herschel's  large  reflector,  whose  radius  of  curvature  is  50 
t,  the  sun's  image  is  about  3  inches  in  diameter;  the  diameter 

the  sun's  image  is  about  3  millimetres  if  the  radius  of 
•vature  of  the  mirror  be  1  metre. 

[n  order  to  find  the  radius  of  curvature  of  a  concave  mirror,  we 
only  measure  the  distance  at  which  the  sun's  image  lies  from 
;  mirror,  since  twice  this  distance  is  equal  to  the  radius  of 
•vature  required.  The  images  of  such  objects  as  are  removed 
ire  than  100  times  the  length  of  the  radius  of  curvature  from 
?  mirror  are  extremely  near  the  focus  itself. 
We  have  still  to  ascertain  the  position  of  an  image  for  the  case 
lere  the  object  lies  between  the  mirror  and  the  focus.  We  have 
^0,  that  all  rays  emanating  from  a  luminous  point  that  is  nearer 
the  concave  mirror  than  is  the  principal  focal  point,  are  reflected 
if  they  came  from  a  point  behind  the  mirror ;  in  the  case  we  are 
out  to  consider,  there  cannot  therefore  arise  any  combined 
Qvergent  image. 

FIG.  252.  I^t  A  B,  Fig. 

252,  be  the  object 
whose    image  we 

would  seek.  The 
ray  A  n  falling  at 

right  angles  upon 
the  mirror  is  re- 
flected in  the  direc- 
tion n  A  C,  while 
the  ray  A  e,  which 
rikes  the  mirror  in  a  direction  parallel  to  its  axis,  will  be  thrown 
ick  towards  the  principal  focal  point  F;  the  rays  n  A  C  and  e  F 
)  not  however  coincide,  but  their  directions  intersect  each  other 
shind  the  mirror  at  a,  if  prolonged  sufficiently  backwards ;  and 
lis  point  a  is  the  image  of  ^.  In  like  manner,  the  image  b  of  the 
Mnt  JB  may  be  found  ;  if  therefore  the  object  tie  between  the  focus 
yd  the  mirror f  a  magnified  and  erect  image  will  fall  behind  the 
vror ;  it  is  therefore  precisely  the  same  as  images  of  plane 
urrors,  with  the  exception  of  the  enlargement  of  the  image. 
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Omm»  mnrorv  have  no  aetad,  but  meiely  an  imaisiiiary,  or  aa 
it  IB  commonly  termed,  a  virtnd  foeos,  that  is  to  say,  the  rays 

incident  upon  them  are  not  united  at 
one  point,  but  diverge,  after  reflection, 
in  such  a  manner  as  if  they  had  come 
from  a  point  behind  the  mirror.  If 
raya  parallel  to  the  axis  fall  upon 
oonvcK  minors,  their  imaginary  focus 
will  be  half  way  between  the  nunor 
aud  the  centre  c.  It  is  consequently 
easy  to  construct  the  ima^s  obtained  by  these  mirrors. 

Let  F  f F  be  a  convex  mirror,  Fig.  254,  A  B  m  object  before  it. 

A  ray  ^  n  falling  at 
right  angles  to  the 
mirror  will  be  le- 
fleeted  in  the  direc- 
tion n  A,  while  the 
ray  A  e  parallel  to 
the  axis  will  be 
reflected  in  the 
directkm  eg,  as  if 

the 
.  1 
we 


vio.  264. 
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it 

vertiesl  pri: 

focus    F,  If 


prolong  e  g  and  n  A  backwards,  these  will  cut  each  other  behind 
the  mirror  at  a ;  here  therefore  is  the  image  of  A,  that  is  to  say, 
all  rays  emitted  from  A  are  reflected  by  the  convex  mirror,  as  if 
they  came  from  a. 

After  we  have  found  the  image  b  of  the  point  of  B,  we  dudl 
easily  perceive  that  we  obtain  m  emuoes  mikrrm  dhmrnaM  met 
images  behind  the  mirror. 

Of  the  focal  lines  or  caustics. — Although  the  rays  of  light 
emitted  from  a  luminous  point  do  not  unite  again  in  the  same 
point  after  their  reflection  from  a  curved  surface,  every  two  adjacent 
reflected  rays  will  always  intersect  esch  other ;  all  pointa  of  inter- 
section of  two  adjacent  rays  reflected  in  the  same  plane  yiM  a 
curved  line,  termed  the  focal,  or  eaueHe  Ime,  and  their  natora 
depends  upon  the  nature  of  the  reflecting  siurfaoe.  All  caustie 
lines  produced  by  a  reflecting  curved  surface,  form,  when  taken 
collectively,  a  curved  suifacc  termed  a  caustic  wrfq/ce.    Near  this 
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no.  255 


lui  mcd  byacui'vcdreiiectiiig  strip  oi'  titccl 


the  intensity  of  tlic  light 
is  the  greatest,  as  we  may 
see  by  the  heart-shaped 
iine  forming  itself  within  a 
cyiimfciBiiveMel  or  a  nog, 
when  either  k  lighted  by 
the  rays  of  the  snn  or 
a  flame.  Fig.  255  shows 
a  focal  iiae  of  this  kind 


CHAFTEK  IL 

DIOPTEICS^  OB  THK  RBFBACTION  OP  LIGHT. 

Bv  refraction  we  mean  the  deviation,  or  change  of  direction 
suffered  by  a  ray  of  light  in  passing  from  one  medium  to  another. 
Tiie  following  experiment  will  convince  us  of  the  actual  oocorrance 
of  such  a  change  in  direetion. 

Let  OS  h^  a  piece  of  money,  or  a  jrieee  of  metal^  m  at  the  bottom 
Fio.  255.  of  a  vessel  v  v',  Fig.  266,  and 

^«  direct  the  eye  o  in  such  a 
manner  as  to  sec  merely  the 
edge  of  the  object,  while  the 
rest  of  it  appears  covered  by 
the  rim  ^  of  the  feand*  If 
now  water  be  poured  into  the 
vessel,  the  piece  of  money  wiU 
appear  to  rise  more  and  more, 
and  as  the  level  of  the  water  rises  in  the  vessel,  the  whole  piece  of 
money  will  at  last  become  visible,  appearing  to  lie  at  n,  although 
in  the  meantime,  neither  the  object  nor  the  eye  have  changed  their 
positions.  The  light  no  longer  comes  in  a  straight  line  from  m  to 
0,  but  describes  the  broken  line  m  i  o. 

The  angle  of  incidence  in  refraction  as  in  reflection  is  the  angle, 
which  the  incident  ray  /  i,  Fig.  257,  makes  with  the  perpendicular 
I H  let  fall  at  the  point  of  incidence. 
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no.  257. 


Kio.  2r)ft. 


7%e  angle  of  refiraetkmw  that  angle  made 

by  the  retracted  ray  t  r  with  the  prolongation 
/  ?i'  of  the  perpendicular  at  the  point  of 
incidence. 

The  plane  of  incidence  is  that  which  paases 
through  the  incident  ray,  and  the  perpen* 
dicular  at  the  point  of  incidence;  the  plane  of  refraeikm  pflsses 
through  the  refracted  ray  and  the  above  perpendicular. 

The  phme  of  refraction  corresponds  with  the  plane  of  incidence, 
but  the  follow intz:  relations  exist  between  the  angle  of  incidence 
and  the  angle  of  refraction. 

Let  I  bg  fig.  258,  be  a  lay  of  light  falling  upon  a  anrfaoe  of  water, 

and  6/  the  corresponding  refiracted 
ray.  If  we  now  suppose  a  circle  to 
be  drawn  around  b,  it  will  interaeet 
the  incident  ray  at  a,  and  the 
refracted  ray  at  /;  and  letting  fall  a 
])er(>endicular  a  d  from  a,  and  another 
/  d'  from  /  on  the  perpendicular  at 
the  point  of  incidence  then  fd,  will 
be  f  of  a 

The  same  relation  always  exists  in 
the  passage  of  a  ray  of  light  from 
11  the  air  into  water  between  the  direc- 
tion of  the  incident  and  the  refracted 
ray.  If  in  Fig  259  the  incident  ray 
/  e  were  refracted  towards  c  r',  le 
towards  e  r,  and  I'  e  towards  ef^\ 
thenr"/'  =  |/'' J',  r/  =  i  /</aud 
r'f  =  i  /'  d'. 

If  the  radius  of  the  circle,  Fig. 
259^  be  s  1,  we  call  the  above- 
mentioned  perpendicular  the  stM  of  the  corresponding  angle;  /'  if 
is  the  sine  ol  the  angle  V  ep*,  liss  em.lepi  if*  ^  mn. 
I"  ep;  in  the  same  manner  r'/ » im.  r' e ;  rfsssrim,  rep'; 
r*'  f  =  «n.  r"  cp'. 

By  the  introduction  of  this  designation,  the  law  of  refraction  for 
the  passage  of  rays  of  light  from  air  to  water  may  be  simply 
expressed  as  follows : 

The  sine  of  the  angle  of  refraction  is  always  {  of  the  sine 
of  the  corresponding  angle  of  incidence. 


pio.  259. 
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In  didr  pMMge  fironi  the  «ir  to  §^as8»  ntya  of  light  undergo 
note  decMed  deviation;  for  in  this  case  the  tine  of  the  angle 

refraction  is  about  |  of  the  sine  of  the  angle  of  inci- 

nce. 

Ihe  idatioB  in  whidi  the  tine  of  the  angle  of  lefiraetion  atanda 
the  nne  of  the  angle  of  ineidenee  iafer  every  anbitanoe  different; 

is  relation  is  dL'sigiiatL'd  by  the  term  of  the  index,  or  expoueut 
reiVaction*    The  value  of  the  index  of  refraction  ia  for : 

Water  «  •  •  ^ 
Glaaa      •      •  ,4 

in  the  tinnaition  of  hght  frooi  the  air  to  the  diamond,  the 
w  ef  the  ang^  of  incidenee  ia  eonieqaently  2^  timea  greater 
Ml  the  aine  of  the  angle  of  refraction;  in  the  diamond,  therefore, 
le  rays  of  light  suffer  a  very  considerable  deviation.  The 
aniond  is  a  highly  refracting  aubstance. 
R^rmiwm  0/  kgki  m  prkm.—A  priam  ia  a  term  applied  in 
iliea  to  a  transparent  mediom,  bounded  by  two  aorfiicea  inclining 
iwards  each  other. 

The  ed(/e  of  the  prism  is  the  line  in  which  the  two  bounding 
irfaccs  interaect,  or  would  intersect  each  other,  if  they  were 
ifficiaiitl^  eoiteDded* 

TV  hme  of  m  priam  ia  any  one  <rf  the  surfaces  opposite  to  one 

f  the  refracting  edges,  whether  it  actually  exist  or  is  only 

nagiuar)'. 

lie  rtfiroeimg  mufk  ta  Ae  aog^  made  by  the  two  auifiioea  of 
ia  pnm* 

The  principal  section  is  the  section  of  the  prism  by  a  plane  at 
ight  angles  to  one  of  its  edgea. 

fM.Ma  The  priama  generally  made  nae  of,  are  such 

%  I*  mm  bounded  by  rectangular  aurfiuiea  a  b 

a'  b',  bed*  c',  and  c  a  c'  a.     If  hght  pass 
through  tlie  surfaces  a  b'  and  a  c ,  a  a'  is 
*  ^  the  refracting  edge,  and  the  suriiMse  6  e* 

he  bate ;  6  A'  ia  the  refracting  edge  if  the  ray  of  light  pasa  tlM 
nrfaoe  h  a'  and  b  c*. 

The  principal  section  of  such  a  prism  is  a  triangle,  and  according 
IS  thia  latter  is  rectangular,  isocelea  or  equilateral,  the  priam  ia 
teelangular,  iaoeeka,  or  eqnilateraL 
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Fia.  261. 


mo.  262. 


Tlie  prisms  are  usually  fastened  to  u  brass  stand 
(Fig.  261). 

By  pushing  the  rod  i  up  or  down*  the  tube 
in  whidi  it  ia  inierted^  the  prism  may  be  raised 
or  lowered^  and  by  means  of  the  joint  at  ^  it  mmy 
be  inclined  in  any  direction. 

If  we  hold  a  ])ri8m  in  such  a  manner  that  the 
refracting  edge  is  directed  upwards,  we  observe 
on  looking  through  it  two  rcmariiable  phenomena : 
in  the  first  place,  all  objects  appear  to  be  oonsider- 
ably  displaced  from  the  position  they  actually  occupy, 
and  so  much  raised  that  the  eye  at  o  (Fig. 
sees  the  dbjeet  a  through  the  prism  at  ^;  and 

secondly,  they  appear  to  have 
coloured  edges.  If  the  refract- 
ing edge  were  directed  down- 
wards, all  objects  seen  through 
the  prism  would  seem  to  be 
removed  downwards  out  of  their 
right  place.  A  vertical  prism 
displaces  objects  to  the  right 
or  left  according  to  the  side  to  which  the  refracting  edge  is 
turned. 

By  altering  the  experiments  in  this  manner,  we  shall  easily 
be  convinced  that  all  objects  seen  through  the  prism  appear 
removed  towards  the  direction  of  the  refiacting  edge. 

If  a  ray  of  sun-light  enter  a  dark  room  throng^  a  small  opening 

in  the  direction  v  d,  and  be  received  upon  a  prism,  we  shall  observe 
a  deviation  and  a  colouring.  If  the  prism  is  in  an  horizontal 
position,  and  its  refracting  edge  turned  upward,  instead  of  the 

white  round  image  of  the  sun, 
which  would  appear  without  the 
prism  at  if,  we  perceive  an  oval 
image  ooloiured  wiUi  the  hues  of  the 
rainbow,  the  solar  spectrum,  at  r.  If 
the  refracting  niaririn  were  directed 
downwards,  the  prismatic  solar  image 
would  appear  above  d.  By  a  vertical 
prism,  the  sun's  image  would  cteviate 
to  the  right  or  left  according  to  the  position  of  the  former. 


PIG.  263. 
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These  piieaomcna  of  colour  will  be  subiequently  conaideredj  we 

ill  fli  fment  only  apeak  of  the  deviatkm. 

The  ebove-BMOtioiied  phenomena  admit  of  easy  explanation. 

Let  a  s  (Fig.  264)  be  the  first,  and  a' s  the 
aeoond  surface  of  a  glass  prism ;  /  t  the 
ineidnnt,  1 the  refracted,  and  e  the 
emeigent  ray.  On  its  passage  firom  the 
air  into  the  glass,  the  incident  ray  is  re- 
fracted and  brought  nearer  to  the  pcrpeu- 
dicnlar  at  the  point  of  incidence  in;  having 
idiad  the  aeeond  anefteea^  it  ia  agam  refracted,  bat  removed 
rtter  horn  the  perpendicular  ii<  on  its  transition  into  the  air. 
A  prism  will,  other  circumstances  beinp:  the  same,  cause  rays 
light  to  deviate  in  proportion  to  the  magnitude  of  the  refracting 
If  thk  an^  be  60^,  the  devktiim  will  be  more  eonsi- 
nhb  ttan  with  one  of  only  46**. 

A  prism  consisting  of  a  strongly  refracting  substance  causes 
e  rays  of  light  to  deviate  more  considerably  than  a  like- 
aped  piiam  of  a  less  powerfully  refracting  substance.  In  a 
ina  of  water^  the  deviatiQii  ia  less  conaidcarable  than  in  one  of 

MS. 

In  the  same  prism  the  amount  of  deviation  varies  according 
the  direction  in  which  the  rays  of  light  are  incident  upon  the 
atsoAae. 

On  looking  at  an  ol^eet  through  a  prism,  we  see  bow  the  image 
moves  further  from  the  position  of  the  object,  an  l  then  apiin 
uws  nearer  to  it  as  we  turn  the  prism  on  its  axis.  The  smallest 
MPiaiion  oeeoia  in  the  eaae  where  tiie  laya  traverse  the  priom 
■BMlrieany,  aa  seen  ha  F^.  264.  If  the  direction  erf  the  incident 
y  were  changed  to  one  side  or  the  other^  the  deviation  would 
crease. 

In  order  to  make  prisms  of  liquids^  hollow  prisma  are  nsed, 

mg  their  ktml  sidea  fivmed  of  gbsa-piatcs. 

^^h^  of  ligki  ly  faiaev.— The  term  fait  ia  applksd  to 

Msparcnt  bodies  possessing  the  property  of  increasing  or 
minishing  the  convergency  of  the  rays  that  pass  through  them. 
We  shall  here  only  treat  ^tpkenad  kmM$,  that  iai^  snch  as  have 
iflir  Imnding  sorlheea  eonpoaed  merdy  of  portiona  of  spherical 
oAses  and  planes,  since  these  alone  are  applied  to  optical 
wtminents.  There  arc  also  el^ical,  parabolic,  cylindrical,  and 
ther  lenses,  exhibiting  phenomena  aimihur  to  the  aphcricaL 
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TTiere  are  six  diffsrent  kinds  of  lenses,  sections  of  which  sre 

represented  st  Fig.  $^5.   a  is  a  ^- 

convex  lens,  the  one  that  is  bounded  by 
two  externally  convex  spherical  surfaces. 
The  plane-oonveK  lens  b  is  bounded  by 
one  plane  and  one  oonra  smftoe. 

The  concBve-eonvez  lenses,  hounded 
by  one  eonTSX  and  one  concave  snrfoocy  aa 
€  and  /,  are  also  termed  MenUcus  lenset ; 
they  are  divided  into  two  kinds,  according 
as  tlio  degree  of  curvature  of  the  concave 
surface  is  the  lesser  of  the  two  as  at  Cy 
or  the  greater  aa  at  /•  d  repreacnta  a 
bi-conane  lens,  e  one  that  is  pUmo^' 

Tlie  three  former,  a,  A,  and  c,  are 
thicker  at  the  centre  than  at  the  edges,  and  are  termed  convergent 
lenses.  The  three  latter,  d,  e  and /,  which  are  thinner  in  the 
middle  than  at  the  edges  are  termed  divergent  teaet. 

The  axis  of  a  lens  is  the  straight  line  uniting  the  centre  of 
boih  the  spherical  suHaoea^  by  which  the  lens  is  formed.  Iti 
plano-ooncave  and  plano-conTez  lenses,  the  asdr  is*  the  perpendi- 
cular passing  from  the  centre  of  curvature  to  the  plane. 

In  order  to  develope  the  most  important  propositions  concerning 
the  refraction  of  Ught  by  lenses,  we  must  once  more  return 
to  prisms,  and  consider  more  attentively  the  case  where  the 
refracting  angle  of  the  prism  is  very  smalL 
In  a  prism  of  small  refracting  angles  as  in  Fig.  866^  the 
no.  266.  deviations  may,  without  any  aerions  error, 

be  considered  proportional  to  the  refract- 
ing angle.  A  prism  whose  refracting  angle 
is  twice  as  great  as  that  m  Fig.  266, 
would  produce  twice  as  much  deviation  ; 
I  and  if  the  angle  weie  only  half  the  aiae  of 
Fig.  266,  the  deviation  woold  only  be  half  as 


! 

I 


the  one  in 
great. 

In  Fig.  267  abed  is  an  elongat(?d  rhomb,  to  which  is  joined 
above  a  parallel  trapeisium  a  b  g  f  and  below,  a  like  figure ;  the 
triangle  f  g  h  a  therefore  found  above,  and  one  prcn^iscly  like  it 
below.  The  two  sides  of  the  parallel  trapezium,  which  are  not 
parallel  to  each  other,  form,  when  jwolonged,  the  isosceles  trian^ 
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with  an  at  the  qpei, 
whidi  mml  be  half  at 

large  as  the  angle  at  the 
apex  of  the  upper  triangle 
at  h. 

If  we  anppoie  the  whole 
figure  tamed  round  the 

s  M  N,  there  will  arise  a  lens-like  hody,  composed  of  many 
ICS*    The  middle  of  this  will  be  a  plane  disc, 
if  now  mfB  of  lig^t  eoming  from  one  point  of  the  axia  M  N 
BOt  thia  lone-syatem,  we  may  determine  the  deviation  anffeved 

tbe  rays  of  light  in  each  of  these  zoncs^  according  to  the  laws  of 

;  ri  fraction  of  light  in  prisms. 

Liet  the  point  S  ha  to  that  a  mj  of  li^t  eoming  from  it,  and 
«tiiig  the  aorliMe  in  ^  nuqr  eiperienee  the  minimum  of 
riBtioii  in  ita  paaaage  ttrough  ah  g  f,  then  die  emergent  ray 
i  i  be  syntnictrical  ^ith  the  incident  ray^  intersecting  the  axis 
a  point  R,  as  far  from  the  lens  as  8, 

A  ray  of  light  undergoing  the  minimum  of  deviatioii  in  the 
angle  kf  g,  ia  turned  twiee  aa  fiur  from  ita  original  diieetimi 

in  f  g  a  d,  because  the  refracting  angle  of  the  upper  prism 
twice  as  large  as  that  of  the  lower  one.    Such  a  ray  of  light, 
l&ring  the  minimum  of  deviation  in  the  upper  triangle,  pasaea 
Nm|^  the  latter  in  the  diiectkm  /at,  which  ia  parallel  to 
s  axia  If  iV;  the  incident  ray  aa  wdl  aa  the  emergent  one  will^ 
wever,  necessarily  make  twice  as  large  an  angle  as  the  incident 
d  emergent  rays  corresponding  to  the  minimum  of  deviation 
a  bjgi  ifj  thereAney  a  ray  £(  o  paaa  from  8,  making  twice* 
br^ean  anf^  with  MN  atSt,  itwillbeatthe  minhnum 
deviation  in  f  g  h,  and,  going  symmetrically  from  the  other 
le,  will  be  refracted  towards  R,    The  ray  S I  mR  passes  through 
e  lens  at  twice  the  distance  from  the  axis  as  the  ray  SikE, 
ndi  undngoea  onfy  half  aa  great  a  degree  of  deviation. 
If  we  ouppoae  the  broken  Unea  ibfk  and  emg  k  of  the 
finer  figures  to  be  replaced  by  circular  arcs,  whose  centres 
upon  the  axis  M  N,  we  shall  have  a  regular  lens^  Fig.  267^ 
»tead  of  the  iena-like  body  we  hare  been  ecmaidermg,  and  a  ray 
li§^t  &ning  upon  the  lena  at  any  spot,  aa  at  o^  will  be  refracted 
actly  as  if  it  had  fallen  upon  a  prism,  whose  diagonal  section 
I  obtain  by  drawing  tangents  to  the  circular  arcs  at  a  and  the 
attUomoaile. 

mm  ' 
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no.  268.  ^  ^  *® 

tangents  on  bolili  sides 

from   a   second  point 
b,  twice  as  far  from 
the  axis  as  a  is,  these 
tangents  would  inter- 
sect each  other  at  an 
angle  twice  as  large .  as  the  angle  at  which  the  tangenta 
drawn  from  m  intersect  each  other.    If  now  a  ray  of  fight  ,  pass 
through  the  lens  a  parallel  to  the  axis,  it  will  make  equal  angles 
with  the  axis  on  its  entrance,  and  after  its  leaving  the  lens,  inter- 
secting the  axis  at  the  points  S  and  R,  which  are  equidistant  on 
either  side  from  the  lens.    If  now  a  second  ray  of  light  pass  from 
meeting  the  lens  at  6,  it  will  experience  twice  aa  great  a  dem- 
tion  as  at  0,  and  on  that  acoonnt  wUl  likewiae  he  refracted  towarda 
JL   A  ray  of  light  passing  from  8g  and  ftilling  upon  the  lens  at 
c,  which  is  three  times  as  far  from  the  axis  as  a,  will  experience 
three  times  the  amount  of  deviation  that  the  rays  incident  at  a 
undergo,  and  which  are  therefore  refracted  towards  the  same 
point  R. 

What  haa  been  said  oi  a,  b  and  c  implies  equally  to  the  inter* 
vening  points;  in  such  a  lens  as  is  repmented  at  Fig*  268,  there 
is  a  pcnnt  £f  upon  the  axis,  having  the  property  that  all  rmya  eoming 

from  it  and  meeting  the  lens  are  conoenbated  by  the  latter  in  one 
and  the  same  point  R,  whidi  lies  a»  fiur  from  the  lens  on  the  other 
side  as  S» 

These  statements  apply,  however,  only  where  the  curvature  of 
the  lena  from  the  centre  towards  the  edges  is  ineonaiderabk^  te 
in  that  ease  only  ia  the  ineKnatiop  of  the  tangenta  proportionate 
to  the  distance  of  iheaepointa  of  eotttact  from  the  axia.   In  the 

lenses  of  which  we  are  now  about  to  speak,  the  curvature  from  the 

middle  towards  the  edges  is  inconsiderable. 

As  long  as  the  angle  at  which  the  incident  ray  fall  upon  a  prism 
of  small  refracting  angle  does  not  deviate  much  from  a  right 
angle ;  as  long,  therefore,  aa  the  rays  meet  the  prisms  nea^  m 
the  direction  conesponduig  to  the  miwimnyg  of  deviatioD,  the 
deviatkm  prodoeed  by  the  prism  wiD  not  diiiar  materially  from  tim 
minimnm  degree. 

This  likewise  applies  to  lenses.  If  the  lens,  Pig.  268,  meet 
a  ray  of  light  at  c,  the  direction  of  which  does  not  deviate  to 
any  great  extent  from  the  direction  S    the  deviation  caq»erienoed 
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by  refraction  in  the  lens  will  be  the  same  as  that  experienced  by 
the  ray  8  c. 

In  Fig.  269,  let  iS  be  that  point  of  the  axis  M  N,  whose  rays, 

no.  269. 


meeting  the  lens,  traverse  it  symmetrically  and  are  united  on  the 
other  side  in  a  point  72  as  far  distant  from  the  lens  as  8,  The 
ray  iS»  c  which  falls  upon  the  lens  near  its  margin  is  refracted  in  the 
direction  c  R,  the  incident  and  the  refracting  ray  making  the 
angle  8  c  R, 

If  now  a  ray  of  light  coming  from  T  instead  of  8  fall  upon  the 
lens  at  a,  the  ray  Tc  would,  from  what  has  been  said,  experience  as 
great  a  deviation  slb  8  c;  we  should  therefore  ascertain  the  direc- 
tion of  the  ray  after  its  leaving  the  lens,  by  drawing  the  line 
c  7^  in  such  a  manner  that  the  angle  T  c  should  be  equal 
to  the  angle  8  c  R,  or  in  other  words,  we  must  make  with  c  R 
an  angle  R  c  T  which  shall  be  equal  to  the  angle  formed  by  7^  c 
and  S  c. 

But  the  ray  T  d  proceeding  from  T  is  refracted  after  leaving 
that  point  of  the  axis,  and  falls  upon  the  lower  border  of  the  lens : 
in  fact  all  rays  coming  from  T  falling  upon  the  lens  meet  at  7^, 
for  in  the  same  proportion  in  which  the  incident  rays  approach 
the  axis,  they  deviate  less,  and  hence  unite  together  in  V; 
so  long,  at  any  rate,  as  the  angle  which  the  external  incident 
rays  make  with  the  axis  does  not  exceed  certain  bounds;  (that 
is  to  say,  does  not  become  so  large  that  we  can  no  longer 
without  marked  error  consider  the  angles  proportional  to  their 
tangents.) 

If,  therefore,  the  luminous  point  approach  the  lens  from  8, 
the  point  of  union  of  the  rays  will  recede  further  from  the  lens 
to  the  other  side ;  the  more  T  approaches,  the  further  7*  will 
recede ;  the  latter  recedes  much  more  rapidly,  however,  than  the 
former  approaches. 

Let  us  now  examine  how  rays  coming  from  a  point  F  of  the 
axis  are  refracted  by  the  lens.  Fig.  270.  F  being  so  situated  that 
Fe  =  F 8,    In  this  case,  the  angle  o  =  y  =  jr.    But  now  the 
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ray  F  e  ui  to  refraetod 

by  the  lens,  that  the 
angle  x  made  by  the 
emergent  ray  with  c  R 
is  equal  to  y;  cxmse- 
^nently  x  =  z,  and 
it  follows  that  the  ray  Fekwo  refracted  the  lens,  that 
it  niiia  parallel  to  the  azia. 

The  same  appliea  to  all  the  other  rays  eoming  from  and 
falling  upon  the  lens.  They  come  out  as  a  pencil  of  rays  parallel 
with  the  axis. 

If,  as  can  be  done  in  most  casesy  we  disregard  the  thickneaa  of 
the  lens  with  respect  to  the  distances  of  the  points  8  and  Ffrom 
it,  we  may  say^  that  the  point  F  liea  in  the  eentre  between  8  and 
the  lens. 

If,  therefore,  a  luminous  point  from  8  beyond  the  lens  be 

brought  nearer  to  the  latter,  the  point  of  union  on  the  other  side 
of  the  lens  will  recede,  and  if  the  luminous  point  advance  to  F, 
the  point  of  union  will  be  indefinitely  distant;  the  rays  emerge 
parallel  with  the  axis. 

But  if,  oonTefsdyj  laya  M  upon  the  lena  ftmn  a  point  lying 
at  an  indefinite  distanee  upon  the  axis,  or  in  other  wotda^  if 
a  pendl  of  rays  parallel  with  the  axis  IkDs  upon  the  lens,  they  m 
united  by  the  lens  at  F,  Tliis  point  of  union  F  of  incident  raya 
parallel  with  the  axis  is  named  the  principal  focal  point. 

If  the  luminous  point  approach  towards  the  lens  firom  this 
indefinite  distance,  the  point  of  union  will  recede  on  the  other 
side  of  the  lens  j  if  the  luminous  point  be  at  7^,  Fig.  269,  the 
point  of  union  will  be  at  7,  if  the  luminous  point  approadi  as  near 
as  R,  the  point  of  union  wiU  be  at  £f,  if  it  approach  so  near  to  the 
lens  as  to  stand  midway  between  it  and  R ;  that  is  to  say,  if  it 
approach  to  the  focal  distance,  the  rays  will  be  parallel  with  the 
axis  after  their  passage  through  the  lens. 

The  Focal  dUttmee,  that  is  the  distance  of  the  focal  point  F  £rom 
the  lens,  depends  not  onfyon  the  form  of  the  latter,  but  also  on  the 
index  of  the  refraction  of  the  substance  of  which  it  is  composed. 

In  a  biconvex  glass  lens,  whose  surfaces  ha^e  both  an  equal 
radius,  the  focal  points  coincide  on  both  sides  with  the  central 
points  of  the  spherical  segments,  provided  the  index  of  refraction 
of  the  glass  be  exactly  ^. 

If  this  index  of  refraction  be  greater,  the  focal  point  of  the  leoa 
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will  be  nearer,  but  if  it  be  smaller,  it  will  be  further  removed  from 
it. 

What  has  been  said  of  biconvex  lenses  applies  also  to  convex 
meniscus  and  plano-convex  glasses ;  that  is,  they  have  a  principal 
focal  point  in  which  are  concentrated  all  the  incident  rays  parallel 
with  the  axis ;  the  rays  coming  from  one  of  the  points  lying  upon 
the  axis,  and  removed  from  the  glass  about  twice  the  focal  distance, 
are  united  on  the  other  side  at  a  point  likewise  twice  the  length  of 
the  focal  distance  from  the  glass. 

In  a  plano-convex  lens  whose  index  of  refraction  is  the 
focal  point  is  t^^ace  the  radius  of  the  curved  surface  from  the 
lens. 

If  the  luminous  point  L,  Fig.  271,  approach  so  near  the  lens 
as  to  lie  within  the  focal  distance,  the  cone  of  rays  striking  the 
lens  is  so  strongly  divergent  that  the  lens  is  no  longer  able  to  make 

FIG.  271. 


the  rays  converge,  or  even  merge  parallel ;  they  diverge,  however, 
less  after  than  before  their  passage  through  the  lens,  dispersing  as 
much  as  if  they  came  from  a  point  O,  which  is  further  removed 
from  the  glass  than  the  luminous  point. 

Similar  observations  may  be  made  respecting  concave  glasses.  If 
the  incident  rays  be  parallel,  the  rays  will  diverge  in  such  a  manner  as 
if  they  issued  from  the  focal  point  of  divergence  F,  Fig.  272 ;  if, 
however,  the  luminous  point  draw  nearer,  and  the  incident  rays  are 

Fio.  272.  consequently  divergent, 

this  divergence  is  great- 
er after  their  passage 
through  the  glass  than 
was  the  case  with  the 
parallel  incident  rays ; 
the  nearer  the  luminous 
point  is  to  the  lens,  the 
nearer  the  point  of  divergence,  or  focus,  therefore  approaches  to  the 
glass. 

We  have  still  to  consider  the  case  in  which  the  incident  rays 
are  convergent.  If  the  incident  rays  converge  towards  the  focus 
F  on  the  other  side  of  the  glass,  the  refracted  rays  emerging  from 
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the  lens  are  occasionally  parallel  to  each  other,  this  being  the 
converse  of  what  is  represented  in  Fig.  272.  If  the  incident  rays 
conTerge  more  Btrougly,  they  will  atiU  oonmge  after  beiDg 
refracted,  but  if  the  incident  rays  converge  towaidi  a  point  t, 
Fig.  27d|  lying  at  a  greater  diatance  from  Uie  g^aaa  than  the  chief 
ibeal  point,  they  will  atill  diverge  aa  if  they  came  fiom  a  point 
before  the  g^aaa  aa  leen  in  the  figure.   The  conaidention  of  thia 

ro.  273* 


last  case  is  important  to  the  right  understanding  of  Galileo's  teles- 
cope, of  which  we  purpose  shortly  to  speak. 

Seeomiary  axe$.  —  Hitherto  we  have  only  considered  those 
Inminona  points  that  lie  on  the  axis  of  the  kna ;  it  now  remaina 
to  show  that  what  baa  been  said  i^liea  ako  to  pointa  not  lying 
in  the  main  am,  provided  that  the  secondary  axes  make  only  a 
small  angle  with  the  main  axis.  By  the  term  secondary  axis,  we 
designate  the  line  we  may  imagine  to  be  drawn  from  a  point,  not 
lying  on  the  main  axis,  through  the  middle  of  the  lens. 

Let  Fig.  274,  be  a  luminous  point  not  situated  upon  the 
main  axis ;  then  all  the  zmya  of  lig^t  iaanmg  firom  it  will  be  united 


no.  274. 


in  a  point  H*,  lying  in  the  secondary  axis  MN',  and  as  hr  removed 

from  the  lens  as  the  point  of  union  V  of  the  rays  issuing  from  a 
point  T,  which  lies  upon  the  main-axis  and  is  as  far  removed  from 
the  lens  as  H, 


This  is  easify  proved.  The  central  ray  H  M'  passes  unbroken 
through  the  lena ;  further  He^Te  and  the  angle  e  TMzseUM' 
(if  not  eiaetly,  still  very  nearly  so) ;  and  amee  the  ray  Tc  diverges 
aa  strongly  at  e  sa  H therefore  the  angle  He  ff^Te  V;  eon* 

sequently  the  triangle  H c  H'=^to  the  triangle  Tc  T\  and  thus 
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T  T  —H  H'  \  H'  is  therefore  as  far  removed  from  the  lens 
as  T. 

The  same  result  is  obtained  by  a  comparison  of  the  triangles 
TdT&ndHdH'. 

The  field  of  a  lens  is  the  angle  which  two  of  the  secondary  axes 
make  together ;  this  definition  will  not  materially  affect  the 
correctness  of  our  ])roofs. 

Of  the  images  produced  by  lenses. — Let  A  B,  Fig.  275,  be  an 
object  on  one  side  of  the  lens  V  W,  but  further  removed  from  it 


no.  27.V 


than  the  focal  point  F,  The  rays  emitted  from  A  are  united  at  a 
point  a  upon  the  secondary  axes  drawn  from  A  through  the 
middle  O  of  the  lens ;  a  is  therefore  the  image  of  A,  and  b  is  the 
image  of  B,  consequently  a  b  '\%  also  the  image  of  the  object  A  B ; 
the  image  is  in  this  case  inverted,  and  is  a  true  convergent  image. 

Seen  from  the  middle  of  the  lens,  the  image  and  object 
appear  at  the  same  angle,  for  the  angle  6  o  /?  is  equal  to  the 
angle  B  o  A,  being  angles  at  the  vertex ;  the  greater  size  of  the 
image  or  of  the  object  depends  upon  which  of  the  two  is  furthest 
removed  from  the  glass.  If  we  assume  that  the  object  lie  twice 
as  far  as  the  focal  distance  from  the  glass,  the  image  will  be 
formed  on  the  other  side  at  an  equal  distance ;  in  this  case,  there- 
fore, the  image  and  the  object  are  equal  in  aizx*.  If  the  object 
approach  nearer  to  the  glass,  the  image  will  recede,  becoming 
consequently  larger.  We  therefore  obtain  inverted  enlarged 
images  of  objects  standing  ftirther  from  the  glass  than  the  frx-al 
distance,  yet  not  as  far  as  twice  that  distance ;  thus  the  image  a  b 
in  our  figure  is  larger  than  the  object  A  B. 

If  the  object  be  further  removed  from  the  glass  than  twice  the 
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focal  distance^  the  image  will  be  nearer;  we^  therefore,  obtain 
inverted  diminished  images  of  distant  objects.   If,  for  instance, 

a  b,  Fig.  275,  were  an  object  \y\n^  more  than  twice  the  focal 
distance  from  the  glass,  we  should  have  the  diminished  imsge 
A  B. 

If  we  term  the  sise  of  the  object  ff,  that  of  the  image  the 
distance  of  the  object  from  the  glasa  b,  and  the  diatanee  of  the 
image  m,  we  have 

g  :g'  =  b',m, 

that  is,  the  image  and  object  arc  to  one  another  as  their  distances 
from  the  lens. 

In  a  lens  of  short  focal  distance,  the  images  lie  nearer  to  the 
ghiss  than  in  one  of  greater  focal  distance;  lenses  give  images, 
therefore,  small  in  proportion  to  the  shortness  of  the  focal  distance; 
and,  conversely,  lenses  give  enlarged  images  of  small  objects  lying 
near  thdr  fbosl  point ;  at  an  eqnal  distance  from  the  lens,  the 
images  will  be  larger  in  such  lenses  as  have  a  small  focal  distance, 
because  in  that  case  the  object  approaches  nearer  to  the  lens. 

If  the  object  be  within  the  focal  distance  of  the  lens,  no 
convergent  image  of  A  can  be  formed,  because  the  rays  emitted 
from  a  luminous  point,  which  lies  nearer  to  the  glass  than  does 
the  focus,  still  diverge  after  their  passage  through  it.  Let  A  B 
in  Fig.  276,  be  an  object  lying  within  this  focal  distance ;  then 

Fio.  27a. 


the  rays  passing  from  A  will  diverge  after  emerging  from  the  glass 
fis  if  they  came  from  a.  We  may  easily  find  the  distance  of  the 
point  a  from  the  glass  by  the  constructions  already  given.  The 
rays  coming  from  B  diverge  after  their  paaaage  through  the  glass 
as  if  they  came  from  b ;  if  now  there  be  an  eye  at  the  other  aide 
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of  the  glass  it  will  receive  the  rays  of  light  issuing  from  the  object 
A  B  in  the  same  manner  as  if  they  had  proceeded  from  a  b;  a  b 
is  therefore  the  image  of  A  B.  As  the  object  and  image  both  lie 
within  the  same  angle  a  o  b,  but  the  former  is  nearer  to  the  glass^ 
the  image  is  evidently  iij  this  case  larger  than  the  object.  If  we 
use  a  lens  as  a  microscope  to  observe  small  objects^  the  enlarged 
image  seen,  is  of  the  kind  described.  We  shall  subsequently  revert 
to  this  subject. 

Concave  glasses  do  not  give  convergent  images,  but  only  such  as 
rio.  277.  arise  from  convex  lenses  when  the 


object  lies  within  the  focal  distance. 
As  a  concave  lens  causes  the  rays 
emitted  from  a  point  to  diverge  as 
if  they  came  from  a  point  lying 
nearer  to  the  glass,  it  is  evident 
that  concave  glasses  yield  dimi- 


nished images  of  objects,  as  we  may  easily  see  from  Fig.  277, 
where  A  B  is  the  object,  and  p  q  the  image. 


CHAPTER  III. 


DECOMPOSITION  OF  WHITE  LIGHT. 


fVhiie  solar  light  is  composed  of  different  coloured  rays, — To 
prove  this,  we  need  only  form  a  solar  spectrum  in  the  manner 
already  indicated.    In  Fig.  278  let  m  be  a  mirror,  which  placed 
no.  278.  no.  279.   before  the  shutter  of  a 

darkened  room  throws 
the  rays  of  the  sun  into 
it  through  the  opening 
o;  p  is  the  refracting 
prism,  and  /  a  wall  on 
which  the  images  are 
thrown.  Before  apply- 
ing the  prism,  we  see 
a  white,  round  image  at  ^,  but  through  the  prism  we  obtain 
an  elongated  coloured  image  r  u.  Fig.  279  exhibits  the  appear- 
ance observed  upon  the  wall  /. 
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TIlit  eolcMpd,  dkngated^  toilar  image  is  cdled  tbe  tpeeirmm. 

The  lengtli  of  tins  spectrum  increases^  cateris  paribus,  in  propor- 
tion to  the  refracting  angle  of  the  prism.  It  also  depends  upon 
the  substance  of  which  the  prism  is  formed. 

By  the  illustration  given  at  Fig.  27S,  we  shall  easily  ace 
that  a  white  baod  is  fiHrmed  in  the  middle  of  the  spectrom, 
provided  its  kngth  ia  at  least  not  twice  aa  great  as  its  hreadtb  ; 
ify  howem,  the  spectram  be  very  much  elongated^  the  white 
will  totally  disappear,  and  we  shall  distinguish  seven  principal 
colours  in  it,  in  the  following  order :  red,  aranffe,  yellow,  yreen, 
blue,  imtiffo,  and  violet. 

These  colours  are  termed  prismatic,  and  iin^le  colours  of  the 
tainbow.  We  shall  soon  see  that  there  are  actaally  a  very  great 
nmnber  of  di£Rsrent  coknifa  in  the  spectrum,  but  that  aau»ig 
tbcae  the  eye  distinguishes  the  seven  above  named. 

The  red  end  of  the  spectrum  is  always  turned  towards  the 
side,  at  which  the  round,  white  sun-image  g,  Fig.  279,  would 
appear,  if  the  prism  did  not  intervene;  the  red  rays  suffer^ 
therefore^  the  least  amount  of  deviation. 

If  the  opening  in  the  shutter  be  about  1  centimetre  in 
diameter,  when  the  refiracting  angle  of  the  prism  is  60^,  and  the 
spectrum  is  received  at  a  distance  of  6  metres,  we  shall  obtain 
a  perfect  separation  of  the  colours ;  that  is,  the  spectrum  will 
everywhere  appear  vividly  coloured,  without  showing  any  trace 
of  white  in  the  centre;  the  separate  colours  appear,  however, 
purer  when  the  opening  is  smaller. 

In  order  to  see  the  prismatic  image,  it  is  not  necessary  to 
produce  a  solar  spectrum  by  means  of  a  prism  on  a  white  wall^ 
it  being  sufficient  to  look  through  a  prism  towssrdsabri^t, 
narrow  object.  If,  for  instance,  we  look  at  the  flame  of  a 
candle  through  a  prism  held  vertically,  it  will  appear  considcrahly 
extended,  and  coloured  in  the  manner  we  have  mentioned.  If 
we  cut  a  small  opening  of  ahout  1  centimetre  in  diametc^r  in 
the  shutter,  we  shall  see  the  clear  sky  through  this  opening; 
tbat  is,  a  light  disc  upon  a  dark  ground.  If  then  we  lode 
at  this  disc  through  the  prism,  we  shaU  percove  instead  of 
the  white  circle,  a  very  much  elongated  coloured  image,  to  which 
all  that  we  have  said  of  the  spectrum  cast  upon  the  wall  equally 
applies. 

The  i^erenthf  coloured  rays  are  unequally  refrangible, — Thia 
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foUowB  from  white  light  admitting  <^  being  decomposed  by  the 
prism  into  nys  of  different  coknin;  the  led  rayi^  after  pennig 
throng  the  priem,  form  an  angle  with  the  fiolety  the  violet 
lift  ^mmitiag  am  firon  their  original  dilution  Hhhi  Ike  lei. 
The  Tiolet  mys  are  most  strongly  refrangible,  and  the  red  the 
least  so.  The  green  rays  are  more  refrangible  than  the  red, 
and  less  so  than  the  violet,  because  in  the  spectrum  they  lie 
between  the  red  and  violet. 

If  we  were  to  snppoae  for  a  moment  that  white  light  contained 
only  fed  and  violet  laya,  it  is  evident  that  inatead  of  the  qpeetmm, 
we  should  only  have  two  solar  images  separated  from  each  other, 
of  which  the  one  would  be  red,  the  other  violet.  We  can,  in 
fact,  make  such  separate  images  apparent :  many  bodies,  for 
instancci  have  the  property  of  not  admitting  all  coloured  rays 
to  pasa  equally  well  through  them;  they  consequently  abscnh 
certain  rays.  To  these  belong  ooloored  glasaea  and  colonred 
Auda.  Iff  for  eiampl^  we  fill  the  intermediate  space  between 
two  panflel  g^asa  platea  with  a  solntion  of  sdphate  of  indigo, 
and  look  with  a  prism  through  this  solution  towards  an  opening 
in  the  shutter,  we  shall  see  two  divided  images  of  the  opening, 
one  red  and  the  other  blue.  We  obtain  the  same  result  by 
using  a  piece  of  dark  blue  glass  in  the  place  of  the  indigo 
sidiition. 

The  whole  spectrum  consists  of  a  series  of  dreularly  formed 
imagea  aucceeding  one  another,  and  partly  over-lapping  eadi  other. 
The  smaller  the  opening  is  through  whidi  the  white  rays  fall  upon 

FIG.  280.  the  prism,  the  smaller  will 


be  the  separate  round 
images^  while,  at  the  same 
time^  the  centres  of  the 
separate  coloured  images 
do  not  approach  nearer, 
and  consequently  the  dif- 
fcrint  colours  less  over- 


lap one  another ;  the  smaller  the  opening  is,  the  purer  will  also 
the  separate  colours  appear. 

Eaek  colour  of  the  tpectrum  it  simple, — Every  colour  is  simple 
if  it  does  not  admit  of  being  further  decomposed  into  other  odours: 
we  win  now  show  that  this  property  is  really  characteristic  of  the 
prismatic  colonrB* 
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If  we  receive  a  spectrum  upou  a  wall,  and  make  a  bole  some- 
where alx)iit  the  spot  on 
which  the  violet  rays  fall,  we 
shall  arrest  all  the  eokmrty 
while  only  (me  ookmred  r«y 
passes  through  the  opening ; 
this  ray  does  not  admit  of 
being  in  any  way  further 
decomposed ;  and  if  it  be 
M  again  suffered  to  pass  through 
a  piism^  the  colour  remains  unchanged. 

Newtcm  applied  the  term  komogeiimuM  to  simple  light ;  a  name 
that  has  hecai  generally  adopted. 

WkUe  Ughi  may  he  recomposed  from  the  simple  coloun  of  ike 
spectrum. — If  wc  receive  the  spectrum  on  a  lens  /,  the  variously 
coloured  rays  will  l)e  united  by  it  in  a  ponit  /,  and  if  the  sun's 
image  he  received  upon  a  ground-glass,  or  a  paper  screen,  it 
will  again  iqppear  daiilingly  white,  notwithstanding  the  differently 
coloured  rays  that  fell  upon  the  lens.  If  instead  of  holding 
ihe  screen  at  the  focal  point  f,  we  remove  it  further  from  the 
lena,  we  agam  obtain  an  inverted  spectrum  W  u',  Fig.  282,  a  proof 

FIG.  282.  that    the  differently 

1^  coloured  rays  cross 
each  other  at  f,  and 
if  we  apply  a  minor 
at  that  point,  the  re- 
flected raya  wiQ  again 
form  a  spectrum  si" 
r". 

We  may  also  use  a 
eoncave  mirror  instead  of  a  lens  for  these  experiments. 

That  the  combination  of  prismatic  colours  yields  white,  is  proved 
faj  the  extraordmary  experiments  made  by  Newton,  that  the  hmg 
prismatic  image,  seen  through  a  second  prism,  will  under  focvourable 
circumstances  again  appear  as  a  perfectly  white  and  round  disc. 
Let  V  u;  be  a  spectrum,  Fig.  283,  produced  by  the  prism,  and 
caught  on  a  white  wall.  If  now  a  second  prism  ^  be  so 
plaoed  that  it  would  produce  the  same  spectrum  r  v  in  the 
same  place,  if  a  ray  of  solar  light  fell  upon  it  in  the  direction 
0 II,  it  ia  dear  that  the  rays  fidling  from  the  apeetnim  on  the 
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no.  283. 
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prism  B  will  emerge  in  the  direction  n  o  ;  thus  an  eye  at  o  must 
see  a  round  white  image  of  the  coloured  spectrum  in  the  direction 

0  n  s.  The  position 
that  must  be  given 
to  the  prism  B  may 
easily  be  ascertained 
by  experiment. 

If  now  we  divide 
a  circular  disc  into 
seven  sectors,  and 
paint  them  with 
colours  that  most 
nearly  approach  the 
prismatic  hues,  the 
disc    if    made  to 


rotate  rapidly  will  no  longer  appear  to  be  coloured,  but  will 
look  whitish,  and  it  would  appear  wholly  white,  if  the  sections 
could  be  painted  with  purely  prismatic  colours,  and  if  the 
breadth  of  the  separate  coloured  sectors  stood  exactly  in  the  same 
relation  to  each  other  as  the  breadths  of  the  corresponding  parts 
of  the  spectrum.  Munchow  combined  the  prism  with  clock-work, 
in  order  to  be  able  to  make  experiments  with  pure  prismatic 
colours  on  this  principle,  by  setting  the  prism  into  rapid  oscil- 
lating motion.  By  this  motion  of  the  prism,  the  spectrum  moves 
rapidly  backward  and  forward  on  a  screen,  and  then  there 
appears  instead  of  the  coloured  spectrum  a  white  band  of  light 
slightly  coloured  at  the  ends.  The  eye  rapidly  receives  at  each  of 
the  points  of  the  screen  the  impressions  of  all  the  separate  colours 
successively ;  these  sc])arate  impressions  vanish,  however,  and 
produce  the  sensation  of  white. 

Of  the  complementary  colours,  and  the  natural  colours  of  bodies, — 
As  all  simple  colours  combined  in  proper  proportions,  (that  is,  in  the 
proportion  given  by  the  spectrum,)  produce  white  light,  it  is  sufficient 
to  suppress  one  or  more  of  the  simple  colours,  or  even  simply  to 
alter  their  proportion  to  form  any  shade  of  colour  from  white.  If,  for 
instance,  we  suppress  the  red  of  the  spectrum  in  white  light,  while 
all  the  colours  remain  unaltered,  we  shall  have  a  bluish  tint,  to 
which  we  need  only  add  red,  in  order  to  restore  the  white. 
Two  tints  of  colour  fulfilling  these  conditions,  that  is,  giving 
when  combined,  white,  arc  termed  complementary  colours.  Each 
colour  has  its  complementary  colour,  for  if  it  be  not  white,  it  is 
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dflficient  in  urtam  nys  thai  iraold  ^  prodneiiig  tiw  wliile,  md 
these  absent  ra3r8  compose  the  complementary  ooloiir,  YkAet, 
which  passes  more  or  less  into  red,  is  the  complementary  colour 
of  different  shades  of  green.  We  have  already  seen  that  a  solution 
ol  sulphate  of  indigo  in  a  prism  yields  a  blue  and  red  image  of  a 
white  object.  The  red  image  is  fery  sharply  defined,  the  blue  not 
so  much  so,  passing  somewhat  more  into  violet,  and  less  into 
green;  the  light  transmitted  throa|^  a  eolation  of  indigo  is 
therdbfe  wholly  deficient  in  yellow  and  orange^  and  ahaMWt  so 
with  respect  to  all  the  green,  and  a  portion  of  the  violet.  These 
absent  colours  form,  however,  when  taken  together,  a  mixture 
in  which  yellow  predominates  to  a  considerable  extent ;  yellow  is 
consequently  the  complementary  colour  to  blue  in  the  indigo 
scdution;  as  yeUow  shades  of  colour  aie  eom|ilementary.to  blue. 
The  more  the  image  approadies  the  green,  the  more  will  the 
complementary  yellow  merge  into  fed. 

We  shall  subsequently  have  another  opportunity  of  speaking  ol 
complementary  colours. 

The  prism  we  have  made  use  of  to  decompose  solar  light  will 
also  serve  to  analyse  the  natural  colours  of  bodies  $  and  for  this 
purpose,  we  need  only  cut  off  narrow  stripa  from  ooloured  bodies, 
and  look  at  them  through  the  prism* 

We  glue  a  row  of  eokraied  strips  of  paper,  sibout  1  TOflHwietre 
wide,  and  as  seen  at  Fig.  284,  upon  a  piece  of  black  paper :  let  1 
ria.  284,  be  white,  2  yellow,  3  orange,  4  scarlet,  5 
green,  and  6  blue;  the  best  paper  for  the 
purpose  is  that  used  by  bookbinders  for  the 
titlei  of  the  back  of  books,  as  the  cc^oura  are 
generally  dear,  and  well  defined.  If  now  we 
look  at  these  eokraied  strqpa  from  tlie  dis- 
tance of  several  feet,  through  a  prism  wlioee 
axis  is  parallel  with  the  direction  of  the  length 
of  the  strips,  they  will  naturally  appear  moved 
out  of  their  places;  at  the  same  time,  bow- 
ever,  all  the  cdourswill  be  deeompoaed  into 
their  elementary  colours.  The  white  paper  will  give  a  perieet 
spectrum  with  all  cobnn^  from  the  extreme  red  to  the  extreme 
violet.  The  coloured  image  given  by  the  yellow  paper  approaches 
most  nearly  to  the  perfect  spectrum.  Red,  orange,  ycDow  and 
green  are  present;  the  lower  blue  and  violet  end  alone  is 
wanting;  eonseq[uently  the  oobur  of  the  yellow  paper  requires 
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Igr  Une  and  lioltfc  m  mim  to  pfodoee  wliile.  aohmred 
ige  of  the  pieee  of  paper  No.  8  (orange)  k  nmdi  Im  eoHplete; 

•e  the  green  rays  are  wanting  as  well  as  the  violet  and  blue, 
e  coloured  ima*^e  of  the  red  paper,  No.  4,  is  the  least  dispersed^ 
nring  beaidea  red  only  a  little  onnge,  the  red  of  this  paper  is 
fdbvB  aliiioel  m  pure  prinilie  fed.  In  the  eoloiiie  of  the 
wrwehefe  hitherle  eonriderad,  led  wm  eontaiiied  1  to4;  tiie 
its  of  these  four  coloured  images  coincide  therefore  above  in  a 
Aight  line,  while  below  they  are  cut  off  like  graduated  steps. 
0  colonra  of  the  pepm  6  and  6^  gran  and  Uii%  eontiiD  bni 
y  little  fed,  en  iriiidi  eeeoimt  then  ie  aencely  any  led  end  te. 
coloured  images  they  yield ;  and  hence  it  follows  that  the  two 
t  images  appear  much  more  removed  from  their  true  poaition, 
11  the  image  of  the  red  papeTj  No*  4» 

if  we  kNik  Ihiongfa  the  prim  at  m  hraad,  ineteed  ef  a  nanmr 

ee  of  paper,  we  ihall  see  it  white  m  the  middle,  and  only 
)iired  at  the  edges.    Supposing  that  we  look  at  the  white 
|)  of  paper  a^,  in  fig.  285,  through  a  prism  whose  axis 
m.  k  at  to  the  dneelion  ef  length  of  the 

paper,  the  diflfannt  eolonied  imagee  ef  tiie  bend  wiB 
appear  partially  to  overlap  each  other.  The  red  image 
of  the  band  extends,  for  instancy  from  r  to  r',  the 
orange  from  o  to  e',  the  yellow  from  ^  to^,  fee. ;  the 
noMp  fbuOf,  from  eto  it  k  thna  doar  that  the 
images  of  all  the  prismatie  eolonre  between  v  and  r' 
coincide,  the  whole  spot  from  v  to  r',  must  therefore 
appear  white.  There  is  only  ledlight  between  r  and  e; 
red  and  orange  between  •  and  g:  red,  orange,  and 
ydhMT  between  g  and  g  r ;  the  led  end  of  the  image 
will,  therefore,  pass  over  to  a  yellowish  tint.  To  the 
three  mentioned  colours,  there  succeeds  next  below 
them  gieen,  Une^  fce.  The  uppat  part  of  the  image 
ia  eoneeqaendy  led^  passmg  gradnaDy  throned  ydDoir 
to  white. 

rhe  other  end  of  the  image  is  violet,  and  passes  gradnally 
3ugh  blue  into  white. 

Vhat  we  haNre  here  asid  ef  the  white  atiEva  ef  pq>er^  Sfpliaa 
dy  to  eraiy  wUte  object  of  eimaidmUe  eirtensien  seen  thf^ 

rism,  appearing  coloured  only  at  the  edges. 

^  broad  black  strip  upon  a  white  ground  afibrds,  when  seen 

imgh  a  prism,  eonetly  the  eontssry  phfaiemsna;  tlttt  is  to  sey. 


26d       DI8PBR8IN0  FOWSm  OF  DIPFBBBNT  8UB8TANCX8. 

the  pritmatio  image  at  the  end  which  ia  least  refracted  .^ipeara 
with  a  nokt  and  bine  edge,  and  at  the  other  with  a  red  and  yellow 

edge.  In  order  to  explain  this  inversion,  we  need  only  consider 
that  the  colours  are  produced  not  from  the  black  strip,  but  the 
white  surfaces  bounding  it.  If  the  black  strip  be  very  narrow^  the 
black  in  the  middle  will  entirely  disappear  from  the  image. 

Cf  ike  ditpenmg  power  of  different  substances. — The  separaikm 
of  the  different  rays  of  light  which  takea  ]daoe  in  their  paasage 
throngh  a  prism  is  designated  by  the  term  di^^ereum.  The  dis- 
persing power  of  a  substance  is  great  in  proportion  to  the  difference 
between  the  indices  of  refraction  of  the  red  and  violet  rays. 

For  water  this  index  of  refraction  for  the  red  rays  is  1,330, 
while  that  for  the  violet  rays  is  l,d44 ;  the  difference  of  the  two  ia^ 
therefore^  0,014.  For  flint-glass,  the  indices  of  refraction  of  the 
red  and  vi<det  rays  are  ljB2S,  and  lfi7\  reqieetivdy ;  the  diflfe* 
renee  m,  tiierefore,  0,043,  three  times  as  great  as  that  for  water. 

If,  therefore,  we  make  a  water-prism,  which  properly  placed 
shall  refract  the  rays  as  strongly  as  a  flint-glass  prism,  the  breadth 
of  the  spectrum  of  the  latter  will  be  three  times  that  of  the 
spectrum  of  the  water-prism ;  the  dispersing  power  of  flint-glass  is 
consequently  three  times  as  great  as  that  of  water. 

For  crown-g^ass,  the  difference  between  the  indices  of  refrectioii 
for  the  red  and  vidbt  rays  is  only  half  aa  great  as  that  for  ttnt- 
glass,  the  dispersive  power  of  flint-glass  is,  therefore,  twice  as  great 
as  that  of  crown-glass,  although  the  indices  of  refraction  for  the 
two  kinds  of  glass  are  very  nearly  equal. 

We  call  prisms  achromatic  when  they  have  the  property  of 
refracting  rays  of  light,  without  at  the  same  time  decomposing 
them  into  colours,  and  achromatic  lenses  are  those  in  which  the 
foci  of  ihe  different  rays  coincide  exactly,  showing  the  objects  free 
from  all  coloured  edges.  Achromatism  was  long  considered 
impossible  :  that  is  to  say,  it  was  not  believed  that  light  could  be 
refracted  without  decomposition.  Newton  himself  was  of  this 
opinion,  because  he  thought  that  dispersion  was  always  proper- 
t^cmal  to  the  refracting  power  of  bodies.  The  possibility  cf 
aekramalum  was  for  a  long  period  the  subject  of  diseiMsian  betwcei 
tiie  most  distinguished  men  of  sdoice  of  their  day,  aa 
Clmrmt-  and  ^Akmheri,  Hell  certainly  made  achromatie  tele- 
scopes as  early  as  the  year  1733,  but  he  did  not  publish  his 
discovery.  Dollond  also  made  instruments  of  this  kind  in  1757, 
and-  he  made  them  publicly  known.   Dollmd*$  discovery  was 
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ritbcNU  doabt  an  emit  of  the  hig^Mt  importance  to  astrononiy ; 
1  orderi  hmnfmat,  to  ghre  it  ita  fall  signifiditioii,  it  waa  fiiafe  neeea- 

iry  to  develop  the  mathematical  theory  of  achromatism ;  wiAoat 
hich,  it  would  be  impossible  to  make  the  necessary  practical 
npiofements.  Even  in  the  present  day,  wh/ea  such  progress  has 
eenmadein  optica  widi  rebtioa  to  the  coiiatnictioa  of  glaaaraj 
ad  notwithatanding  all  the  aaaiatanoe  rendned  by  the  ^aknhiay 
hrouiatism  must  be  classed  amongst  the  moat  delicate  problems, 
oth  in  a  theoretical  and  practical  point  of  view.  In  a  work  of 
lis  kmd,  we  omat  of  eourae  leatriet  omehrea  to  the  development 
P  the  principlea  only  on  which  the  eonafcmeiioii  of  aehxonatie 

risins  and  lenses  depend. 

If  we  80  arrange  two  prisms  A  and  B,  Fig.  286,  that  the  refracting 
edges  are  directed  towards  opposite  aides,  the  action 
of  one  will  more  or  leaa  fidly  daatroj  that  of  the 
other.  The  diaperaion  of  eoloar  prodnced  hy  A  will 
be  counteracted  by  that  occasioned  by  the  prism  B ; 
if,  under  similar  circumstances,  each,  of  the  prisms 
alone  give  an  equally  large  apeetrom;  fbr  in  thia 
case,  the  aotion  of  the  prism  B,  in  rdatkm  to  the 
dis])ersion  of  colour,  is  exactly  equal  to  that  of  the 
prism  A,  and  vice  t)ertd. 
^  If  the  disperaioii  were  actually  proportional  to  the 
Anaeting  pawcr,  aa  Newim  aoppoaed,  two  priama  of  different 
ibitaBeea  eoold  only  give  equal  spectra,  provided  the  deviation 
'oduced  by  the  one  were  equal  to  that  by  the  other ;  if,  therefore, 
ro  ptiams  of  the  kind  represented  at  Fig.  286  were  placed 
getter,  the  daeompoaition  of  cokmr  would  be  atopped  tUa 
mimiitm,  and  with  it  the  deviation  Hkewiae. 
Later  experiments  hav  e,  liowever,  shown,  as  we  have  mentioned, 
at  Newton  was  wrong  m  the  cfinion  he  had  formed  on  this  subject ; 
10%  for  instaneOy  diqperaion  is  much  more  considerable  in  ftint« 
IMB  than  in  erown-glaaa,  whiht  the  average  indieaa  of  rcfiraetion 
^  belli  lands  of  glass  do  not  very  essentially  dilfer;  with  an  equal 
•viation,  the  spectrum  of  a  prism  of  tlint-glass  is  almost  twice  as 
eat  as  that  of  a  prism  oi  crown-glaaa. 
If  the  wflaaiing  angle  of  a  priam  be  not  too  great,  we 
auBM  widiont  any  nuulEed  error,  diat  the  breadth  of  a  eohmrad 

lage  is  proportional  to  the  refracting  anjj:le ;  supposiiii^  now  that 
e  have  a  prism  of  crown-glass  of  25^  we  may  easily  calculate 
ta  angle  of  a  priam  of  flint-glaaa  giving  the  same  diaperaion  of 
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eoloor*  Aa  the  Mai  diipenioit  of  the  ilmt-|^  ia  twiee  aa  gre«t 
M  tint  of  the  erawn-glaaa,  the  lefraeting  angle  of  the  flint-glaaa 
HMMt  alto  be  twiee  aa  amaD:  that  ia  about  The  disperaioii 

of  colour  of  a  flint-glass  prism  of  12  i^,  is  as  great  as  that  of  a 
crown-glass  prism  of  25^ ;  two  such  prisms,  therefore,  combined 
in  the  manner  indicated  at  fig.  286  will  not  produce  any  further 
dispersion  of  colour. 

But  aa  the  indieea  of  fefraetioii  of  both  kinda  of  are 
genemlly  my  nearly  equals  the  deviatkna  of  the  priama  A  and  B 
will  be  nearly  aa  their  refraeting  angles ;  the  deviation  pirodnced 
by  A  in  nearly  twice  as  great  as  that  produced  hy  B;  the  priam 
B  can  therefore  only  remove  about  half  the  deviation  produced  by 
A ;  the  combination  of  the  prisms  and  B  will,  therefore^  still 
produce  a  deviation,  but  not  any  dispersion  of  colour. 

Every  aimple  kna^  whatever  be  Uie  substance  from  which  it  ia 
formed,  will  hacve  a  difBsnnt  foeoa  for  every  different  kind  of  ray, 
beeanae  the  indieea  of  refraelion  of  the  raya  of  diflfeient  eohmra 
are  not  equal.  The  focus  of  the  red  rays  lies  fbrther  from  the 
lens  than  the  focus  of  the  violet  rays.  The  foci  of  the  red  and 
violet  rays  are  not  equi-distant  in  all  lenses,  as  this  distance 
dependa  on  one  hand  upon  the  curvature  of  the  lenses,  and  on  the 
other  upon  the  diaperaive  power  of  the  substanee.  In  proportion 
aa  the  evrvvtaie  of  the  kna  firom  tiie  middle  towards  the  edge  ia 
jnconaiderabk^  the- foci  far  the  difBscent  eoloara  wiD  alao  be  nearer 
to  eadb  other. 

The  consequence  of  this  last  mentioned  circumstance  is  that  the 
images  of  such  lenses  appear  more  or  less  impure,  and  more  or  leas 
bordered  with .  coloured  edges.  We  may  be  easily  convinced  of 
thia  by  looking  at  the  letters  of  a  book  through  a  lens  of  great 
.enrvatore,  or  producing  the  image  of  diatant  objeeta  by  aneh  a 
kna  on  a  gioand-|[^aaB  table,  when  everything  will  in  Hke  manner 
be  somranded  by  eokrared  edgea.  Aathe  distinetneeaof  imagea  in 
microscopes,  as  weD  as  in  telescopes,  was  thus  materially  afieeted, 
the  discovery  of  the  construction  of  achromatic  lenses  was  of  the 
greatest  importance  in  practical  optics. 

The  achromatism  of  lensea  dqpenda  upon  the  aame  pnnciplea 
-aa  the  achranatiam  of  prisma;  achromatic  lenaea  are  oampo&ed  of 
mmfk^  knaea  made  ol  diftrent  kinda  of  g^aaa.  A  c  wiwn  glaai 
and  a  ffint-glaea  kna  are  commonly  combined  together  for  thia 
purpose.  The  action  of  lenses  upon  rays  of  different  colours  is 
such  that  a  concave  lens  causes  the  violet  r^ys  to  converge  more 
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itvongly^  wkfle  •  eoneave  lens  makes  them  diverge  more  power- 
fiiDy  than  the  red  rays;  we  may,  therefore,  understand  how  a 
•w.  t87.  combination  of  a  concave  and  a 

convex  lens  as  seen  at  Fig.  287>  m 
able  wholly  to  destroy  tht  dispar- 
skm  of  ooJonr;  if  the  two  lenaea 
be  of  diffarant  Idnda  of  glaw,  the 
diipenioii  of  colour  be  stopped 
witiioiity  OD  that  aocotmt,  the  refraction  ceasing. 

If  a  convex  lens  of  crown-glass,  and  a  concave  lens  of  flint-glass 
produce  an  equally  strong  dispersion  of  colour,  the  two  combined 
will  produce  no  disperaion  at  all ;  but  as  flint-glass  acts  with  a 
more  strongly  dispersive  power^  a  ooneave  lent  o£  fliai-glaw  ciq»able 
of  deatioying  the  diqienion  in  a  eonvez  lena  of  crown-i^aM,  wilt 
not  be  aUe  cntiiely  to  nmoffe  the  eonvergcney  of  the  raja  eansed 
by  the  eonvex  lena;  the  two  lenses  taken  together  will,  therefore, 
aet  as  a  convex  lens,  whilst  the  dispersion  of  colour  is  destroyed, 
thus  fonniog  an  achromaiic  lens. 


CHAPTER  IV. 


OF  TBS  BTB  AND  OPTICAL  INantUMBim. 


Tbs  aonationa  of  light  and  of  odoor  depend  upon  an  affection 
of  qiedal  nema,  whoae  delieate  eztranitiea  ave  diatribnted  aa  a 
MMmbfane,  named  the  retina.   Tb»  sensation  of  darkness 

upon  a  perfect  state  of  rest  in  this  nervous  membrane, 
every  irritation  producing  the  sensation  of  light ;  this  irritation  is 
most  especially  produced  by  rays  of  light  passing  from  bodies  in 
the  external  world  through  the  eye  to  the  retina,  although  the 
sensations  of  light  and  colour  may  be  produced  by  other  causesi  and 
without  the  co-operation  of  raya  of  light  coming  from  without^  aa 
fo  Inahmce,  by  the  pieiauie  of  the  blood  (acintiDatioDB  before  the 
eleaed  eyes).  An  cKtcmal  pressure  upon  the  closed  eye,  and  an 
electrical  discharge  are  likewise  capable  of  producing  sensations  of 
light. 

To  distinguish  external  objects  by  the  sight,  it  is  not  sufficient 
that  the  raya  of  h^t,  pasting-  from  a  hody.  should  Mi  upon  the 
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retina ;  but  a  special  apparatus  is  also  necessary  for  the  purpose  of 
distributing  the  lights  by  which  means  the  rays  passing  from  a 
luminous  point  may  only  strike  one  definite  spot  of  the  retina, 
and  that  the  rays  of  ligl^  coming  from  other  points  may  be  k^t 
from  this  spot ;  in  this  manner  the  different  parts  of  the  letina 
■re  difoentfy  alFeeted*  and  a  distinctkm  of  objeeta  ia  conaeqnent^y 
rendered  ponible.  Where  there  ia  a  deficiency  of  aoidi  an  appa- 
ratus for  distributing  light,  as  ia  the  ease  with  many  of  the  lower 
classes  of  animals,  there  is  actually  no  sight  properly  so  called, 
but  simply  the  power  of  distinguishing  light  from  darkness,  day 
from  night ;  yet  eyen  here  a  special  nenrona  appacatna  ia  necea- 


Tlie  apperatoa  Intended  for  the  iaolatkm  of  the  impreanona  of 
h^t,  ia  not  arranged  in  the  aame  manner  in  all  elaeace  of  animals^ 
here  we  distnigiiiah  two  eaaentiany  diffsrent  Idnda  of  eyes ;  1.  the 
mosaic  compomm  eyes  of  insects  and  Crustacea^  and^  2.  the  eyes  of 
vertebrate  provided  with  convex  lenses, 

Compotum  eyes, — Miiller  was  the  first  to  throw  any  light  by 
hia  claaiical  investigations  ap<m  mome  compaum  eyes.  There  are 
a  very  great  number  of  transparent  amall  oooea,  atending  reeCan- 
gnlarly  upon  the  convex  retuiay  and  only  thoae  rays  frlling  in  the 
dnection  of  the  azia  of  the  cone  can  reach  its  base  on  the  retina. 
AU  laterally  incident  light  is  absorbed,  because  the  lateral  walls 
of  the  cone  are  invested  with  a  darkly-coloured  pigment.  In  Fig. 
288^ /c  6^  is  a  section  of  the  convex  retina,  with  the  transparent 

cylinders  upon  it.  It  is  evident  that  the 
raya  passing  from  the  luminons  point  A  can 
00^  atrike  the  retina  in  c  A,  the  baae  of  tlw 
truncated  cone  abed;  the  boaes  of  the 
two  cones  contiguous  to  abed  are  no  longer 
struck  by  the  rays  passing  from  A ;  a  lumi- 
nous point  B  sends  its  rays  to  another  spot 
of  the  retina  and  so  on.  All  the  light 
coming  from  pmnts,  lying  on  the  prolonga- 
tion of  the  conCy  will  natoraDy  act  upon  the 
baab  of  soch  a  tran^iarent  cone^  and  the 
impressions  of  light  from  all  points,  sending 
light  on  the  basis  of  the  same  cone,  will  also  blend  together ;  from 
which  we  see  that  the  distinctness  of  an  image  on  the  retina  is 
greater  in  proportion  to  the  number  of  cones.    MiiUer*  charao- 
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tenses  the  sight  of  such  eyes  with  striking  accuracy,  when  be  says: 

"  an  image  formed  by  several  thousand  separate  points,  each  of 
which  corresponds  to  a  distant  field  of  vision  in  the  external  world, 
will  resemble  a  piece  of  mosaic  work,  and  a  better  idea  cannot 
be  conceived  of  the  image  of  external  objects,  which  will  be 


Mi 

mm 

yrmim,  than  by  tnch  a  eomparison.'' 

Hie  sue  of  th&  field  of  yision  of  snch  eyes,  ntttunDy  depends 
upon  the  angle  made  by  the  axes  of  the  external  cones,  that  is 
upon  the  convexity  of  the  eyes.  The  transparent  membrane 
covering  the  eye  exteriorly,  the  cornea,  is  generally  divided  into 
fgcettes,  each  separate  facette  comflponding  to  the  above  men- 
tioiied  tranfparent  oone.  The  muniber  of  the  feoettea  of  aoeb  an 
eye  is  genenJty  very  great,  a  single  eye  containing  eften  ttm 
12  to  20,000  audi  iacettea. 

All  insects  have  not  such  mosaic  composttm  eyes ;  spiders,  for 
instance,  have  simple  eyes  with  lenses,  entirely  formed  Hke  the 
eyes  of  the  vertebrate  animals  ;  there  are  also  many  insects  which, 
besides  the  mosaic  composum  eyes^  have  also  simple  eyes  with 
lenses,  but  the  ccmatniction  aa  wdl  as  the  position  o£  tboe  would 
lead  us  to  conjecture  that  they  are  cmly  intended  for  aeemg  the 
most  contiguous  objects. 

Simple  eyes  with  convex  lenses, — The  image  is  formed  upon  the 
retina  of  eyes  having  collective  lenses  in  precisely  the  same  manner 
as  the  images  of  ordinary  convex  lenses ;  the  rays  issuing  from 
one  point  of  the  object,  and  striking  the  anterior  surface  of  the 
eye,  are  refracted  by  the  transparent  media  of  that  organ  towarda 
n  point  of  tbe  retina.   Fig.  289  r^reienta  the  section  of  a  human 

eye.  The  whole  globe  of  the 
^,  eye  is  snrroonded  by  a  firm, 
hard  membrane,  only  trans- 
parent at  the  front  part;  this 
transparent  portion  is  called  the 
cornea,  and  the  white  opaque 
part  the  tmdea  eckrotica;  the  transparent  cornea  is  more  strongly 
enrred  than  the  rest  of  the  globe.  Behind  the  cornea  lies  the 
coloured  prismatic  membrane,  the  trit,  which  is  plane,  entting 
off,  as  it  were,  the  curvature  of  tbe  transparent  cornea  from  the 
remaining  parts  of  the  eye.  In  the  middle  of  the  iris  at  s  sf, 
there  is  a  circular  opening,  which,  seen  from  the  frt>nt,  appears 
perfectly  black,  the  opening  bears  the  name  of  the  pi^pt^  Behind 
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the  irii  and  pupil  it  the  crystaUine  Um  «  &^  mMn  s'trHMpafent 

capaale,  by  which  it  is  also  attached  to  the  outer  wall  of  the  eye. 
Between  the  lens  and  the  comea,  there  is  a  clear  and  somewhat 
Mline  fluid  (kunwr  aqueus),  while  the  whole  space  behind  the 
kna  M  filled  wi^  a  tranapaient  ^^clatinous  substance  (humor 
frihmn^,  Tlie  ctyitaUiiM  kna  itadf  ia  flatter  anteriorly  than 
poaterknly. 

Above  the  eelcrotica,  in  the  interior  of  the  eye^  is  the  dioroid 
membrane  (tunica  choroidea),  and  over  this  lies  the  retina,  which 
is  an  expansion  of  the  optic  nerve.  The  choroid  membrane, 
'which  invests  the  whole  inner  cavity  of  the  eye,  ia  covered  over 
with  a  bladL  pigment,  the  object  of  which  is  to  prevent  the  purity 
^  the  image  heing  diatwbed  bf  reflection  fri^on  the  eyt.  For 
the  tame  leaaon,  the  intcnor  vorihoe  of  tdeaoopea  ia  atained 

The  rays  of  light  that  fall  upon  the  eye  strike  the  front  of 
the  sclerotica,  (the  white  of  the  eye),  and  are  irregularly  distributed 
in  all  directions,  or  they  enter  the  eye  through  the  cornea ;  the 
external  rays  of  the  pencil  passing  through  the  cornea  fall  upon 
the  iria,  and  are  irr^;ii]arly  distributed  in  all  directiona,  by  which 
meana  the  ookmr  of  the  iria  becomea  viaible.  The  eentnd  raya 
paaa  through  the  pupil  to  the  lena,  and  are  thence  vefiraeled 
towards  the  retina  in  such  a  manner,  that  the  rays  passing  from 
a  point  of  an  external  object  through  the  pupil,  arc  again  united 
in  a  point  upon  the  retina.  Thus  an  image  of  the  object  before 
the  eye  ia  in^ressed  upon  the  retina.  In  Fig.  289,  m  is  the  image 
of.the  pomt  4      m'  the  image  of 

We  mi^  pme  by  an  experiment  onthecyecf  ancKora 
horae^  that  a  diwriniahed  inverted  image  of  the  object  before 
the  eye  ia  veaDy  impreaaed  upon  the  rethia.  We  moat  eardfully 
open  the  eye  iu  order  to  be  enabled  to  see  the  retina  through 
the  vitreous  humour,  then  if  the  eye  be  directed  towards  a  ^^  indow, 
or  any  bright  object,  we  distinctly  see  a  diminished  inverted 
image  of  it  upon  the  retina.  This  is  most  clearly  seen  in  animals 
in  which  the  choniid  ia  deatitnte  of  pigment,  aa  in  white  nUbitay 
whibt  at  the  lame  time  the  back  part  of  ^  aekrotica  ia  trana- 
parent.  In  anch  eyes,  i3ie  smagea  on  the  letinn  may  he  aeen 
without  further  preparation. 

Dwfinct  vision  at  different  distances. — We  have  already  seen 
that  the  image  of  a  lens  changes  its  position  if  the  object  be 
.  drawn  nearer  or  removed  further  away ;  the  image  recedea  further 
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om  the  glass  in  proportion  as  the  object  appioai^ies  iL  As 
e  eje  acts  entiieljr  like  a  kns,  and  ne  are  only  aUa  to  sse 
•jeels  dearly  when  the  points  of  nnion  of  the  fefhaeled  imya 

11  exactly  upon  the  retina,  we  might  suppose  that  we  could 
ily  see  objects  at  a  cU* finite  distance,  when  the  image  was 
iar])ly  defined  upon  the  retina ;  experieDee  showa^  however, 
tat  the  ooptraiy  ie  the  easi^  and  that  a  aomd  eye  ean  «bstmetly 
e  all  objecta  when  rammd  more  than  ei|^t  indm  firom  it: 
must,  therefore,  have  the  capacity  of  accommodating  itself  to 
fftTent  distances^ 

We  may  show  tUa  by  a  ray  shnple  eqieriment :  if  wn  nske 
small  black  qiot  upon  a  trsnaparent  glass  plate,  anA  hdd 
from  10  to  12  inches  from  the  eye,  we  may  see  at  pleasnie 

ther  the  spot,  or  the  distant  objects  through  the  glass  plane. 
!  we  see  the  remote  objects  distinctly^  the  spot  will  appear  cloudy 
ad  undefined^  while  on  the  other  hand,  distant  objeeta  wiH 
B  distorted  when  the  spot  is  seen  trith  disUactnewi  when, 
icrefore,  distant  objects  appear  distinct,  the  rays  passing  from 
Ui  dark  spot  are  not  limited  upon  the  retina,  and  conversely : 
le  eye  has  thus  the  capacity  of  adapting  itself  to  seefaig  at  small 
nd  great  distances. 
If  now  the  rays  passing  from  a  luminous  point  are  nnited 
efore  or  behind  the  retina,  a  small  circle  of  dispersion  will  be 
>nned  upon  the  retina  instead  of  the  bright  point,  and  this 
I  the  reason  that  objeeta  at  a  distance^  to  which  the  eye  cannot 
eoommodate  itself,  appear  indisfcinet.  This  power  of  adaptation 
us  its  hmits,  for  if  the  objects  be  brought  too  near  the  eye, 
hat  organ  is  no  longer  able  to  make  those  alternations  necessary 
dr  eansing  the  image  to  fall  npon  the  retime  in  which  case 
he  pointa  of  nnion  lie  behind  that  membnme^  and  cirdea  of 
lispersion  of  the  separate  luminous  points,  instead  of  the  sharply 
Icfined  image,  arc  formed  upon  it ;  so  that  it  is  no  longer  possible 
0  distinguish  the  figores.  A  pin^s-head,  for  instance,  cannot 
le  distinctly  seen  when  held  at  1  or  S  inehea  only  firom  the 
ye. 

As  the  point  of  nnion  of  rays  from  the  lens  is  the  more  distant 
ii«  the  objects  approach  nearer  to  it,  we  may  explain  distinct 
ision,  at  diffierent  distanofiy  by  the  assumption  that  the  length 
if  thesadsof  the  eye  may  be  increased  or  dimimshed  at  pleasore ; 
Ihe  axis  of  the  eye  must  be  longer  for  near  than  for  distant 
objects,  or  in  othr   words,  the  retina,  is  further  removed  iiom  the 
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comes  for  near  objects.  Olben  has  cslcalsted  the  prolopgation  of 
the  axis  of  the  eye  necessary  to  explsin  distinct  vision  at  a  distance 

extending  from  4  inches  to  infinity.  The  numbers  given  in  the 
following  little  table  are  taken  from  these  calculations. 


OMTAMCB  or  TBS  OBJSOT. 

dutaiiob  or  m  ikam  rioit 

TBB  COKKMA, 

Infinite. 

0^997  inches. 

27  inches. 

0,9180  „ 

8  „ 

0,9671  „ 

4  „ 

According  to  this  calculation,  a  prolongation  of  the  axis 
of  the  eye  of  about  1  inch  would  suffice,  without  any  change  of 
curvature  of  the  lens  and  the  cornea,  to  explain  distinct  vision 
from  4  inchea  to  infinity. 

If  we-  would  explain  the  power  of  adi^tation  of  the  eye  by 
a  change  of  the  curvature  of  the  cornea,  we  muat  according  to 
Olhers^  calculations  assume  the  following  variations : 


DISTANCE  OF  THE  OBJECT. 


Infinite. 
27  inches. 
20 
5 


RADIUS  or  THE  couiaA. 


0,333  inches. 
0,321  „ 
0,303  „ 
0,278 


If  thus  the  radhis  of  curvature  of  the  cornea  were  only  altered 
from  0,888  to  0,300,  and  the  aads  the  eye  could  be  lengthened 
or  shortened  about  half  a  line,  the  power  of  adaptation  possessed 

by  the  eye  for  all  distances  from  4  inches  to  infinity,  would  admit 
of  explanation. 

However  such  an  assumption  may  explain  the  power  of  adap- 
tation possessed  by  the  eye,  its  correctness  is  by  no  means  proved  j 
in  frct^  many  objecticms  have  been  raised  against  it,  and  at  any 
rate  so  great  a  change  in  the  curvature  of  the  cornea  is  somewhii 
improbable. 

Other  physiologists  endeavour  to  explain  this  power  of  adapta- 
tion of  the  eye  by  the  compression  and  change  of  position  of  the 
lens«  and  although  this  may  be  probable,  it  is  by  no  means 
inoved  with  certabty.  This  capacity  may,  perhaps,  be  derived 
from  a  co-operatkm  of  all  these  causes. 
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JJisiance  of  distinct  vi^ionm  Short-sightedness  and  long-sighted^ 
If  .—It  has  already  been  observed  tbat  objects  when  broo^t 
>  near  tbe  eye,  ean  no  longer  be  disiinefiy  seen.  There  is 
certain  distance  for  cvciy  eye,  beyond  which  au  object  must 
t  be  placed  if  it  is  to  be  distinctly  seen  without  exertion ; 

this  distance  of  distinct  vision  we  mvolantanly  hold  a  book 

leadnigy  if  it  be  firinted  with  type  of  ordinary  siie.  If  we 
ing  the  object  nearer,  it  cannot  be  seen  without  effort,  while 

a  still  closer  proximity,  distinct  vision  is  no  longer  possible. 

a  perfectly  sound  ^e,  the  distance  of  distinct  vision  is  about 
cr  10  inches:  where  this  distanfie  is  kss,  we  term  the  eye 
wt'-tigkM;  where  it  is  greater,  long-sigkiei. 
liulistiuctness  of  vision  with  reference  to  objects  in  close 
jxioiity,  arises,  as  we  have  already  observed^  from  the  rays 
■sing  from  the  point  of  a  near  object  divergmg  so  strongly  that 
» rafeieting  media  of  tibe  qfe  are  no  hmger  Me  to  make  them 
ffieiently  convergent  to  produce  a  re-union  upon  the  retina; 

the  point  of  union  falls  in  this  case  behind  the  retina,  they 
pear  with  a  circle  of  dispersion.    If  we  are  able  to  hinder- 
B  fcrmatioa  of  this  circle  of  diqpersioii,  we  mqr  mo  objects  when 
DQght  very  near  to  the  eye. 

li'  we  look  through  a  hole  made  with  a  pin  in  a  card,  holding 
e  eye  close  to  it,  we  shall  still  distinctly  see  the  letters  of  a  book, 
lidi  will  appear  considerahty  enlarged,  whilst  on  the  removal 

the  card,  we  ahaU  no  longer  be  able  to  distingnish  the  kttera. 
le  reason  of  this  is,  that  rays  can  only  reach  the  eye  from 
e  point  of  the  neighbouriTig  object,  passing  in  one  direction 
h,  through  the  iine  opening  in  the  card,  and  these  will  also 
oke  the  letina  in  one  point  only,  whilst  if  the  card  do  not 
( P  off  the  other  rays,  a  whole  pencil  will  pass  fimn  one  point 

the  object  through  the  pupil  into  the  eye,  forming  a  circle 

dispersion  upon  the  retina. 

We  may  here  mention  the  interesting  and  instructive  experiment 
'  Fsther  B^^eoMr**  If  we  make,  in  a  card,  two  mhrate  orifieea 

idi  a  needle,  at  a  smaller  distance  firom  each  other  than  the 
ameter  of  the  pupil,  and  hold  these  openings  close  to  the  eye, 
e  see  a  double  image  of  a  small  object,  as  a  pin's-bcad,  held 
ithin  the  vimial  distance.  From  this  small  object  there  pass  two 
nry  mhrate  peneOa  of  rays  through  the  apertniee  into  the  eye. 
hese  rays  converge  towards  a  point  lying  behind  the  retina^ 

*  (knlet  rim  tadsneaton  OptteoB^  sle.  le^^ 
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ianing  upon  tlie latter  at  two  di£Rsreiit  pointa;  these  are  twoiaolaled 

points  of  the  circle  of  dispersion,  which  would  arise  upon  tlie 
retina  if  the,  other  rays  were  not  intercepted  by  the  card. 

If  now  we  remove  the  small  object  more  and  more,  the  images 
will  approach,  because  the  rays  falling  upon  the  eye  through 
the  iqpertaiea  will  diverge  leaa,  and  oonaequently  be  refracted 
towards  a  pcnnt  lying  nearer  to  the  retina.  If  the  object  be 
removed  from  the  eye  to  the  distanee  of  distinct  vision^  tiie  two 
images  will  perfeedy  coincide,  since  sll  rays  passing  from  one 
point  lying  exactly  at  the  distance  of  distinct  vision,  will  be  con* 
centrated  at  one  point  of  the  retina. 

We  naturally  see  near  and  distant  objects  with  equal  dis- 
tinctness through  a  fine  aperture  in  a  card  held  close  befim 
the  eye,  without  there  being  any  necessi^  for  the  eye  to  aceom* 
modate  itself  to  the  distances^  since  the  raya  passmg  from  one 
pwnt  of  the  object  only  strike  the  return  at  cue  point ;  tiuranig^ 
such  an  aperture,  we  may  therefore  at  the  same  time,  distinctly  see 
near  and  distant  objects ;  we  may  here  ask  what  are  the  conditions 
of  adaptation  necessary  for  an  eye  in  looking  through  a  tine 
aperture?  And  the  answer  naturally  is^  that  in  its  normal 
condition,  for  the  maintenance  of  which  no  effort  is  necessary^ 
the  eye  ia  in  the  state  requiaite  for  seeing  objects  whidi  lie  at 
the  distance  of  distiiict  vision. 

Let  us  now  revert  to  Schemer'^  experiment :  if  a  distant  object 
be  observed  through  both  openings,  the  rays  passing  into  the  eye 
through  these  two  apertures  must  evidently  meet  at  one  point 
before  the  retina,  as  the  condition  of  each  adaptation  does  not 
ehange  in  the  ^e ;  but  the  two  pencils  diverge  again  behind  the 
point  of  intersectkm^  strikii^  the  retina  at  two  different  points^ 
when  ecmsequently  distant  objects  will  be  seen  double.  21rsiips& 
the  two  small  apertures,  therefor  we  only  see  m  smaM  object  esngle^ 
when  it  lies  at  the  distance  of  distinct  vision. 

On  the  principles  deduced  from  Scheiner's  experiments,  instru- 
ments have  been  constructed  which  bear  the  name  of  optometers^ 
and  serve  to  define  the  distance  of  distinct  vision. 

Short-eighto^ess,  Myepm,  and  hng'Sighieintee,  Fretbi/epsm,  are 
defoctily  the  canses  of  whidi  must  be  sought  6r  in  a  de6eieniey  cf 
the  power  of  adaptation,  on  which  habit  eMteises  a  very  injurious 
effect ;  short-sightedness  often  arises  from  the  neglect  of  exercising 
the  sight  on  distant  objects,  and  children  who  bend  the  head  too 
closely  #ver  the  paper  in  writing  or  readings  frequently  become 
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ri-«igktod  in  oooMfOinoe.  A  pidimged  w  of  the  rnksNMeops 
i  cmue  m  otibenme  towid  eye  to  beeone  tenpoNonfy  dhoflU 

it(  (1,  this  condition  frequently  continuing  for  some  hours.* 

oimpleat  method  of  impiairing  either  defect  consists^  as  we 
«  afaeady  etated^  in  boUing  a  card  having  a  fine  aperture  close^ 
the  eye.  Bjr  tUa  aeanay  the  principle  of  whuh  haa  dieady 

n  explained^  the  distinctnese  of  the  image  will  certainly  be 

tored  at  the  expense  of  the  clearness. 

Vooiher  method  ia  the  use  of  spectadesy  which  ace  constnicted 
h  eonaave  i^aaaea  far  ahcvt'iii^hted  tjm,  and  wiA  eoiif« 
itee  for  long-sighted  eyea.   In  a  fhort'iii^ited  eye,  the  images 

distant  objects  fall  before  the  retina,  and  the  eye  has  not  the 
ver  of  accommodating  itself  in  such  a  manner  that  the  images 
L  be  fionned  npon the  retina;  we,  theNidre^  on  thia  aeoonnt  atter 
I  leftietife  power  of  the  eye  by  the  nae  eoBeK?e  ^aaae%  by 
ana  of  wbieh  the  rays  coming  to  Ae  eye  eon¥erge  leaa  atvongly, 
i  thus  enable  the  rays  to  unite  upon  the  retina. 
In  far- sighted  persons  the  image  of  contiguous  objects  fails 
^ind  the  felin%  without  the  eye  being  ahle  to  aeeaniniodate 
rif  to  thia  eonfition  of  leflMlien;  we  theNfae  nae  eoofen 
knes  to  make  the  rays  more  convergent,  and  thus  bring  the 
int  of  union  upon  the  retina. 

Moie  or  leaa  atrang  glassea  nniat  be  employed  where  tharo  ia 
ne  or  leaa  ahovt-aic^tedneBa  present;  and  the  object  to  be 
Knded  to  in  the  dioiee  of  the  glasses,  is  Aat,  in  oo-operation 

th  them,  the  distance  of  distinct  vision  may  be  rendered  the 
me  as  in  a  perfectly  sound  ey%  that  is  about  8  or  10  inches. 
Short-wightedneaa  appears  moee  fteqnentfy  in  middle  age,  and 
tigeie^itednesa  m  old  «ge. 

^'Ackromaiism  of  the  eye, — ^In  ordinary  lenses,  the  foci  of  the 
ys  of  different  colour  do  not  coincide,  and  hence  arise  those 
loured  edgea  which  we  perceive  on  the  outlines  of  objects  seen 
i^'ogh  •  eaannon  lens;  that  is^  if  the  opening  of  the  leaa  ia 
and  the  ebjeole  are  not  in  the  middle  of  the  Md  of  ?iew. 
e  have  already  seen  how  lenses  may  be  made  achromatic,  or  free 
)ni  this  defect.   The  human  eye  is  likewise  an  achromatic  ioatrup 

'^t,  for  we  aee  the  objeata  pore  and  witheot  eokoied  hordn. 

As  the  adupomatMn  of  knaea  may  be  eflbeted  by  a  eomhinaiiBn 
'  •llttjiiul  refracting  substances,  and  of  unequal  dispersive  power, 
K  poesibihty  of  the  achromatiam  of  the  eye  may  easily  be  cour 
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ceived,  since  a  ray  of  light  in  its  course  through  that  organ  has  to 
traverse  successively  three  diflferent  medisy  whicb^  when  taken 
together  act  as  an  achromatic  lens. 

The  ia  not^  howe?erj  perfectly  achromatic^  for  we  only  see  an 
object  pure  if  the  eye  can  propoly  aeoommodate  itaelf  to  the 
diatanoe  of  this  object.  We  aee^  for  inatanoe,  very  vividly  oolonied 
edgea  on  a  dark  object  lying  before  tbe  eye  if  we  look  beyond  it 
upon  distant  objects  and  see  these  distinctly ;  if,  for  instance,  w& 
make  a  hole  of  about  1  line  in  diameter,  and  holding  it  5  or  6 
inches  from  the  eye,  look  through  it  towards  aome  distant  object^ 
the  edges  of  the  opening  will  appear  coloured. 

RekUum  between  the  pereepHon  of  the  eye  ami  the  external  world. 
— The  act  of  vision  di^enda  easentaally  upon  the  affectiona  of  the 
retina  being  rednoed  to  a  atate  of  conaooiianeaa  by  certain  meana 
nnaoooontable  to  ns.  We  actually  only  take  cognisance  of  one 
definite  condition,  one  certain  affection  of  the  retina ;  but  that  we 
convert  the  images  of  the  retina  at  once  into  representations  of  the 
external  world  is  an  act  of  immediate  and  spontaneous  judgment, 
and  we  have  attained  such  certainty  in  this  by  constant  self-oorro- 
boiating  experience,  that  we  do  not  fed  the  retina  to  be  a 
perceptive  organ,  and  eonfuae  the  direct  impreasiona  with  what, 
according  to  our  judgment,  is  the  cause  of  them.  'Hiia  siriwti- 
tution  of  the  judgment  for  sensation  occurs  involuntarily,  and  so 
to  say,  has  become  a  second  nature  to  us. 

As  we  put  for  the  sensation  upon  the  retina  a  representation 
of  the  external  world;  we;,  in  like  manner,  substitute  an  object 
external  to  us  fer  every  image  on  the  retina.  That  we  seek  in 
a  definite  directkm  the  object  corresponding  to  a  definite  image 
of  the  retina,  ia  aa  much  the  result  of  continuous  coateqaeai 
experience  as  the  action  of  our  sense  of  sight  with  reference  to 
the  external  world. 

If  we  suppose  the  object  and  its  image  on  the  retina  connected 
by  a  straight  line,  this  is  the  direction  in  which  we  perceive  the 
images  externally.  VoUanann  haa  abown  that  if  we  draw  a  strai^^ 
line  from  each  point  of  the  image  on  the  retina  towards  the  corres- 
ponding points  in  the  external  world,  all  lines  will  intersect  eadi 
other  at  one  point,  lying  in  the  interior  of  the  eye  and  bdund  the 
lens ;  this  point  he  calls  the  point  of  intersection. 

It  has  been  already  shown  that  diminished  and  inverted  images 
are  formed  upon  the  retina,  and  hence  the  question  arises,  why  we 
do  not  aee  all  thinga  vmertedf  Thia  qoeatkm  ia  satiafectorify 
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answered  in  the  above  considerations.  The  knowledge  of  the 
existence  of  an  image  on  the  retina,  and  of  its  lying  on  the  upper 
and  lower  parts  of  the  retina,  on  its  right  or  left  side,  can  only  be 
attained  by  optical  investigations ;  the  sensation  of  the  retina  does 
not  occur  as  consciousness,  but  is  involuntarily  projected  exter- 
nally in  a  certain  direction,  namely,  that  in  which  the  objects  lie 
that  cause  the  images  on  the  retina.  In  this  direction,  however, 
we  also  find  objects  by  other  perceptions  of  sense  :  as,  for  example, 
by  the  sense  of  feeling ;  there  is  consequently  the  greatest 
harmony  between  the  different  perceptions  of  sense  in  relation  to 
locality;  and  without  such  a  state  of  harmonious  accord,  we 
should  see  objects  inverted. 

With  the  representation  of  external  things,  by  means  of  the 
organ  of  vision,  we  combine  also  a  representation  of  their  size  and 
distance.  The  images  on  the  retina  lie  side  by  side,  and  if  we  do 
not  recognise  the  corresponding  objects  to  be  immediately  conti- 
guous to  each  other,  but  situated  the  one  behind  the  other,  that  is, 
if  we  raise  ourselves  from  the  plane  on  which  our  observations  are 
made  to  an  imaginary  representation  of  the  depth  of  space,  this  is 
an  act  of  the  understanding,  and  not  of  sensation.  The  young 
child  has  no  conception  of  distance,  and  grasps  at  the  moon  as  at 
objects  immediately  within  his  reach.  The  conception  of  the 
depth  of  visual  space  is  only  acquired  by  moving  in  space,  by 
observing  that  images  change  by  this  motion,  and  enabling  us  by 
our  own  change  of  place  to  form  an  idea  of  the  distance  of  objects. 

The  apparent  size  of  objects  depends  upon  the  size  of  the  image 
on  the  retina.  If  we  suppose  lines  drawn  from  both  extremities 
of  the  image  on  the  retina  towards  the  corresponding  extreme 
points  of  the  object,  these  lines  will  intersect  each  other  at  an 
angle  x,  which  we  call  the  angle  of  vision ;  the  size  of  this  angle 
is,  however,  proportional  to  the  size  of  the  image  on  the  retina, 
and  we  may  therefore  say  that  the  apparent  size  of  objects  dependi^ 
upon  the  size  of  the  visual  angle  under  which  they  appear.  Two 
objects  of  different  size,  as  ^  JB  and  A*  B',  may  have  the  same 

apparent  size,  if  their  size  be 
proportional  to  their  distance 
from  the  eye ;  different  objects, 
therefore,  whose  sizes  are  as 
1:2:3  &c.,  will  appear  at 
once,  twice,  thrice  the  distance 
under  an  equally  great  angle 
of  vision. 
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Our  judgment^  regarding  the  Mtnal  nie  of  objects  and  tlidr 
diitince^  is  only  acquired  by  continued  experience^  mmf 

by  practice  attain  a  most  extraordinary  degree  of  certainty. 

Vision  with  both  eyes. — WTien  wc  direct  both  eyes  to  one  object, 
we  see  only  a  aingle  image,  provided  the  eye  accommodate  itself 
to  the  distance  at  wkieh  the  object  is  placed;  we  alwig^  see  • 
dmibk  image  if  the  eye  aeeommodatea  itaetf  to  a  greater  or  imaUer 
distanoe;  we  lee  it  diarply  and  diatine^  when  we lee it  sbigfy; 
and  it  appean  nidiatinet  and  distorted  when  seen  duiJUy* 

We  may,  at  will,  see  a  single  or  double  image,  by  holding 
before  the  face  one  or  two  fingers  exactly  behind  the  other,  at 
a  distance  of  about  1  and  2  feet,  when  the  back  one  will  appear 
douhle  if  we.direct  the  am  of  tke  eyes  to  the  forenio4  one,  and 

In       981,  L  and  12  ate  tiie  two  eyes,  A  and  B  two  oljeeto 


vw.  291. 


no.  292. 


A  \ 


p. 


lying  at  different  distances.  If  we  look  at  the  object  A,  the  axes 
of  both  eyes  (the  axis  of  the  eye  is  the  straight  line  connecting  the 
middle  of  the  retina  with  the  central  point  of  the  lens  and  the 
pa]nl)  will  be  diieeted  towards  A,  and  will  consequently  make 
a  tolerably  large  an§^  with  eaeh  oUmt;  the  image  of  A  appears 
in  eaeh  eye  npon  the  middle  of  the  retina;  if  now  we  hx^  at 
the  distant  object  B,  as  represented  in  Fig.  292,  the  angle  of  the 
axes  of  the  eyes  will  be  smaller,  and  the  image  of  B  will  appear  in 
each  eye  in  the  middle  of  the  retina. 
If  we  look  at  ^  as  represented  in  Fig.  291,  the  image  of  B 
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will  lie  to  the  right  of  the  middle  of  the  retina  in  the  left  eye,  and 
to  the  left  of  it  in  the  right  eye ;  the  images  b  and  b',  do  not, 
therefore,  lie  in  corresponding  parts  in  both  eyes;  and  this  is 
probably  the  reason  of  the  object  B  being  seen  double.  As  the 
image  b  lies  to  the  right  of  a  in  the  left  eye,  B  will  appear  to 
be  to  the  left  of  A,  whilst  the  right  eye  sees  the  object  B  to 
the  right  of  A,  the  image  b'  being  left  of  a\  If  we  have  fixed 
both  eyes  on  the  object  A  in  such  a  manner  that  we  only  see 
it  single,  whilst  B  appears  double,  we  may  make  the  left  or  right 
image  of  B  disappear,  according  as  we  receive  the  rays  passing 
from  B  upon  the  left  or  right  eye.  If,  on  the  contrary,  we 
see  the  distant  object  B  in  such  a  manner  that  A  appears  double, 
as  in  Fig.  292,  the  image  of  A  on  the  right  will  disappear,  if  we 
cover  the  left  eye. 

It  is  not  necessary  that  both  axes  of  the  eye  should  be  exactly 
fixed  upon  an  object  to  enable  us  to  see  a  single  image  with  both 
eyea,  that  is,  the  image  need  not  fall  in  the  middle  of  the  retina 
in  each  eye,  since  in  that  case  we  could  only  see  one  object  single, 
while  all  others  would  appear  double.  A  whole  series  of  objects 
may  at  the  same  time  be  seen  single  with  both  eyes,  if  they 
only  cast  their  image  on  corresponding  parts  of  the  retina  in 
both  eyes.    In  Fig.  293,  L  and  R  represent  the  two  eyes,  A  B 

and  C  three  different  objects  lying 
before  them  ;  the  images  of  the 
three  objects  follow  the  same  order 
in  both  eyes,  that  is  to  say,  the  image 
of  B  lies  in  the  middle,  the  image  of 
C  to  the  left,  and  that  of  A  to  the 
right,  upon  the  retina  of  both  eyes ; 
as  the  images  c  and  c'  on  the  retina, 
lie  to  the  left  of  b  and  b ,  both  eyes 
see  the  object  C  to  the  right  of  B ; 
in  the  same  manner,  both  eyes  see  the 
object  A  to  the  left  of  B,  as  the 
images  a  and  a'  on  the  retina  are  to  the  right  of  b  and  b'. 

If  an  object  appears  single  to  both  eyes,  that  is,  if  its  image 
falls  upon  corresponding  parts  of  the  retina  in  both  eyes,  we 
see  it  more  clearly  than  with  one  eye,  and  of  this  we  may  easily 
convince  ourselves  by  looking  at  a  strip  of  white  paper,  and  then 
hold  up  a  black  screen  in  such  a  manner  as  to  conceal  half  the 
paper  from  one  eye,  the  portion  of  paper  seen  simultaneously  by 


no.  293.. 


Digitize^   ,  v.oogle 


272 


LIMITS  OF  VISIBILITY. 


both  eyes,  appean  higher  than  the  other  half  which  ia  only 

by  one  eye. 

The  reason  of  our  being  able  to  see  singly  with  both  eyes, 
is  probably  to  be  sought  in  the  course  of  the  various  fibres,  and 
not  as  the  consequence  of  habit.  Miillerj  in  whose  writinga 
much  may  be  found  regarding  the  different  ezperimenta  that  baife 
been  made  to  elucidate  thia  wonderful  chain  of  canaea,  aayay 
"  The  eyea  may  be  compared  to  two  branchea  with  a  anif^  rooty 
of  which  every  minute  portion  bifurcates  so  as  to  aend  a  twig 
to  each  eve.'* 

ft' 

Limits  of  visibility. — In  order  that  an  object  continue  visible,  it 
ia  necessary  that  the  angle  of  vision  under  which  it  appears  should 
be  within  certain  limita,  depending  very  mudi  upon  the  light  trans- 
mitted by  the  object  and  ita  colour,  the  nature  of  the  back-groond, 
and  the  individiul  characteriatica  ^  the  eye.  To  an  eye  of  <ndi- 
nary  power,  an  object  is  still  visible  with  a  moderate  degree  of 
light  at  an  angle  of  30  seconds,  and  a  light  object,  as  a  silver  wii-e, 
may  be  seen  on  a  dark  back-ground  under  an  angle  of  vision  of 
2  aeconda.  Dark  bodies  may  alao  be  very  distinctly  seen  on  a 
white  gronndj  even  when  they  are  very  minute ;  thua  an  eye  of 
moderate  power  may  aee  a  hair  when  held  againat  a  tderably  dear 
aky  at  a  distance  of  4  or  6  feet 

Duration  of  the  of  light. — If  we  deaeribe  a  cirde 

rapidly  with  a  burning  coal,  we  are  unable  to  distinguish  the 
coal  itself,  seeing  only  a  fiery  circle.  The  cause  of  this  pheno- 
menon arises  from  the  part  of  the  retina,  affected  by  an  impression 
of  light,  not  recovering  its  tranquillity  instantaneously  after  the 
FI0.  294.  impreaaion  itadf  haa  ceased;  from  the  aame 
reaaon  we  are  unable  to  diatingniah  the  apokea 
of  a  rapidly  revolving  wheel,  and  the  upper 
surface  of  a  top  painted  with  alternate  sectora 
of  black  and  white,  as  se4?n  in  Fig.  294,  will 
appear  gray.  But  if  the  top,  after  rotation  in 
the  dark  be  lighted  by  a  flash  of  lightning,  or  an 
ekctnc  apark,  we  are  able  clearly  to  diatinguiah  the  aeparate 
aectora* 

If  we  make  two  holes  diametrically  opposite  to  each  other  in  a 
pasteboard  disc  of  2  or  3  inches  in  diameter,  and  draw  stringa 
through  thrni  as  seen  in  Figs.  295  and  21)6,  we  may  by  nicaiiR 
of  the  threads  cause  the  disc  to  revolve  so  rapidly  as  to  show 
altematdy  iirst  the  one  aide  and  then  the  other.    If  we  then  make 
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on  one  side  a  black  stripe  in  the  direction  of  the  two  httlc  holes, 
and  on  the  other  side  one  at  right  angles  with  them,  we  shall  see  a 


no.  295. 


no.  296. 


no.  297. 


cross  on  making  the  figure  revolve  rapidly,  because  the  impression 
produced  upon  the  eye  by  the  horizontal  stripe  is  not  obliterated 
when  the  vertical  stripe  becomes  visible.  If  we  paint  a  cage 
on  one  side,  and  a  bird  on  the  other,  the  bird  will  appear  to 
be  within  the  cage  on  making  the  figure  revolve  rapidly. 
A  very  ingenious  and  pretty  apparatus  has  been  constructed,  on 

the  principle  of  the  du- 
ration of  the  impression 
of  light,  and  is  called 
the  phenakistiscope,  or 
the  magic  disc.  A 
disc  of  20  to  25 
centimetres  in  dia- 
meter, may  be  put 
into  a  rapid  rotatory 
motion  about  a  hori- 
zontal axis  x;  at  the 
edge  of  which  there 
is  a  succession  of  aper- 
tures at  equal  distances 
from  each  other.  In 
the  magic  disc  repre- 
sented in  Fig.  297, 
there  are  8  such  aper- 
tures. To  the  circle 
formed  within  these  8 
apertures,  a  smaller  and 
painted  disc  is  fastened, 
on  which  the  same  object  is  represented  in  8  different  positions, 
each  aperture  corresponding  to  a  different  position.  In  our 
figure  a  very  simple  object,  merely  a  pendulum,  has  been  deli- 
neated.   Under  the  opening  1,  the  pendulum  is  represented  as 
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having  attained  its  extreme  position  to  the  left;  under  2,  we 
see  it  nearer  to  its  position  of  equilibrium ;  at  3,  it  has  reached  this 
point,  &e.  This  apjiaratus  must  now  be  held  before  a  looking-glass, 
in  such  a  manner  that  its  painted  side  may  be  turned  towards  the 
ghufly  on  which  we  are  to  see  the  reflection  of  the  coloured  dise 
through  one  of  the  opemngs^  the  upper  one  £or  instance.  Ab  the 
disc  rerolveSy  one  opening  after  the  other  passes  before  the  eye^ 
hut  as  the  intervening  spaces  pass  hefore  us  nothing  will  be  seen. 
If  wc  assume  that  at  a  definite  moment,  the  opening  1  passes 
before  the  eye,  we  shall  see  below  it  the  pendulum  in  its  greatest 
deviation ;  the  impression  of  light  received  by  the  eye  at  this 
moment  will  remain  until  the  second  opening  has  come  before  the 
eye^  and  now  the  pendulum  will  appear  in  the  same  place  as  when 
seen  in  its  greatest  stage  of  deviation^  hut  somewhat  nearer  to  a  posi- 
tion  of  equilibrium ;  the  image  of  this  second  position  will  renudn 
in  the  eye  until  that  of  the  third  position  has  come  to  the  same 
point,  and  then  wc  shall  see  the  pendulum  in  a  state  of  equilibrium ; 
the  representations  of  the  pendulum  passing  thus  sueeessively 
before  the  eye^  cause  the  deceptive  impression  that  we  actually  see 
the  pendulum  oscillate.  Instead  of  a  pendulnnif  we  may  ^oose 
some  other  object,  and  represent  it  in  aa  many  difierent  positiona 
as  there  are  apertures,  so  that  eaeh  one  of  the  latter  may 
correspond  to  a  different  position  of  the  object.  The  movements 
of  men  or  animals  may  in  this  manner  be  most  successfully 
given  by  merely  representing  them  in  different  and  successive 
phases. 

Aa  objects  must  have  a  certain  magnitude  in  order  to  be  percep- 
tible to  ^e  eye,  so  must  also  the  impression  of  light  endure  for  an 
appreciable  time  in  order  to  produee  an  impression  upon  the 

retina.  For  this  reason  we  do  not  see  a  very  rapid  body,  as  a 
cannon-ball ;  the  image  of  the  flying  ball  passing  over  the  retina 
with  such  rapidity  as  to  prevent  its  being  perceived  by  any  part 
of  it. 

The  after-effisets  produced  upon  the  retina  will  be  stronger,  and 
last  longer  the  more  intense  and  lasting  the  primitive  eflBset  is. 
The  after-images  of  light  objects  will  be  light,  and  those  of  dark 

objects  dark,  if  the  eye  be  withdrawn  from  all  subsequent  action  of 
light.  If,  for  instance,  we  look  for  a  length  of  time  continuously 
through  a  window  towards  the  clear  sky,  and  turning  suddenly 
away,  dose  the  eye,  we  shall  still  see  the  light  intervening 
spaces  bounded  by  the  dark  window-frames ;  if,  on  the  contrary. 
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t  tarn  the  eye  towards  a  white  wall,  the  after-image  wkieh 
^  originally  dark  will  appear  light,  and  inversely ;  thus  we  shall 
!  the  window-frames  light,  and  the  intervening  spaces  dark, 
is  inTersiaii  is  eamlj  explained:  if  the  eye,  abeady  dasiledy  be 
ned  towards  the  white  wall,  the  parts  of  the  retina  previoody 
ictcd  by  the  bright  light  will  be  less  sensitive  to  the  white 
ht  of  the  white  wall  than  those  part3  on  which  the  image  of  the 
k  window  frames  has  fidlen. 

Cobmred  uamiairy  biuijfe$,r'~OnT  organs  of  visioii  often  expe* 

Qce  impressions  of  light  not  immediately  produced  by  external 
ects,  but  arising  from  a  peculiarly  irritable  condition  of  the 
tna.  Such  colours  are  termed  siUgectwe,  and  also  physudofficalp 
these  bekmg  eoknred  secondary  images^  and  the  cokwrs  pro* 
sed  by  contrast. 

rhe  secondary  images,  of  which  we  have  spoken  in  a  previous 
tore,  are  always  more  or  less  coloured,  and  this  coloration  is 
per  in  proportion  to  the  intensity  of  the  primitifB  impression 
light  oeeasioning  the  secondary  image.  If,  for  instMiee,  we 
k  for  some  time  fLxedly  at  a  wax  taper,  and,  closing  the  eye,  turn 
ards  a  dark  part  of  the  room,  we  shall  still  seem  to  have  the  flame 
ore  omr  eyes,  although  it  changes  its  eoloar  by  degrees;  at  first 
leeomes  quite  yellow,  passing  then  from  onoige  to  red,  neit 
n  red  throngb  violet  into  a  greenish  blue,  which  becomes 
ker  until  the  secondary  image  entirely  disappears.  If,  on 
>  contrary,  we  turn  the  eye  that  has  been  daasled  by  the 
ae  towards  a  white  wi41,  the  colours  the  secnndaiy  image  will 
eeed  eaeh  other  in  an  ahnost  inverse  order*  ihat  is,  we  diaO 
tirst  see  a  dark  image  upon  a  light  ground,  becoming  blue, 
en,  and  yellow,  and  iinaUy  blending  with  the  wJute  grou|id»  so 

0  be  no  longer  distinguishable  from  it  when  the  secondaiy  image 

1  qpute  disappeared,  that  is^  when  the  letinn  has  leeomed 
if.  The  transition  ^m  one  colour  to  another  begins  at  the 
rgin,  and  distributes  itself  gradually  towards  the  middle.  We 
y  observe  aimilar  phenomena  in  the  dazzling  images  of  white 
icr  lying  iqpon  a  black  ground,  and  lighted  up  by  the 

S  while  the  colouicd  secondary  image  still  remains  in  the  closed 
9  the  eye  is  opened,  and  directed  towards  a  white  wall,  we  ahali 
upon  the  latter  an  image  complementary  to  the  one  seen 
the  same  tune  on  chmng  the  eye.  If  the  secondary  image 
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were  red  to  the  closed  eye,  on  opening  the  eye,  and  directing  it 
Jto  a  white  surface,  wc  should  see  a  green  image. 

If  we  look  fixedly  for  some  time  at  a  coloured  spot  on  a  white 
grovad,  we  shall  see  a  secondary  image  in  the  eomplementary 
cdouv;  if  the  spot  weie  hlue,  the  secondary  image  would  be 
yeQow;  if  it  were  red,  the  secondary  image  would  be  green,  &e. 
TbM  pheKomenon  is  caused  by  the  retina  beooming  more 
indifferent  to  the  colour  of  the  object,  and  consequently  more 
sensitive  for  those  colours  contained  in  white  light  which  are 
not  in  the  tints  of  the  object  producing  the  dazzling  effect. 

The  reason  of  the  retina  becoming  gradually  indifferent 
to  a  colour  by  looking  at  a  strongly  lighted  object  of  the 
came  hue  is,  that  the  colour  grows  1^  de^eea  more  and  moie 
i&iat  and  nnapparent.  We  can  most  easily  conTince  oorselvea 
of  ^Im  in  the  following  manner.  If  after  looking  fixedly  for 
a  long  time  at  a  red  square  resting  upon  a  white  ground,  we  turn 
mr298.       the  eye  somewhat  aside,  so  that  the  complemen- 

r          -  A    tary  secondary  image  may  still  fall  partially  upon 

^Q,       coloured  square,  aa  r^resented  in  Fig.  298, 
we  shaU  see  the  firee  portion  of  the  secondary 

  image  green,  whilst  the  portion  of  the  original 

image  whiehhasbeoomefieiB  (that  is,  the  part  send* 
ing  its  rays  to  those  places  on  the  retina  which  had  not  previously 
been  impressed  by  the  red  light,)  will  appear  to  be  of  a  bright  red ; 
where  the  two  squares  touch  each  other,  however,  we  shall 
see  a  far  fainter  red,  for  the  rays  passing  £com  this  portion  of  the 
objective  red  square  impinge  upon  the  same  parts  of  the  retina  which 
have  already  become  less  sensitive  to  the  inq^ression  of  red  li^t* 

Cokmrs  of  contrati, — gray  spot  appears  darirar  on  a  white 
surface,  and  lighter  on  a  black  one,  than  if  the  whole  surface  were 
covered  with  the  same  gray  tint.  The  following  experiment  shows 
this  very  clearly.  If  we  bring  a  narrow  opaque  body,  such  as 
a  pencil,  for  instance,  between  the  flame  of  a  taper  and  a  white 
snr&ce,  we  shall  see  a  dark  shadow  upon  a  light  ground ;  if  then 
we  place  a  second  flame  near  the  first,  we  shall  see  two  dark 
shadows  upon  the  light  ground ;  but  yet  each  one  of  theae 
ahadows  is  as  strongly  ilhimined  by  the  flame  as  the  whole  surihoe 
was  before,  although  we  considered  the  surface  previously  tx)  be 
light,  while  the  shadow  appears  now  to  be  dark :  this  experiment 
shows  the  important  effect  produced  by  contrast. 
The  phenomena  of  contrast  are  still  more  striking  in  oonsidering 
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ookraied  objects,  in  wbich  we  often  see  complementary  tints  which 
were  not  objectively  before  present. 

"When  we  lay  a  narrow  gray  strip  of  paper  u])on  light  green 
paper,  it  will  appear  reddish ;  while  if  we  lay  it  upon  blue  paper, 
it  will  appear  to  be  yellow ;  in  short,  it  will  always  be  comple- 
mentary to  the  colour  of  the  §^imd.  This  eiperiment  is  very 
dearly  seen  if  we  ghie  a  sti^  of  white  paper  of  about  1  milli- 
metare  in  width  to  a  plate  of  eoloaied  glass,  and  then  look  ihrongh 
it  towards  some  white  msrhce,  as  a  sheet  of  white  paper,  or  also, 
if  we  entirely  cover  one  side  of  the  glass  with  thin  paper,  and 
fastening  the  narrow  strips  to  the  other  side,  hold  the  glass  before 
the  flame  of  a  taper ;  the  strip  will  then  appear  complementary  to 
the  oolomr  of  the  glasi^  consequently  red  upon  a  green  glass,  and 
Uoe  upon  a  jeSkm  glass,  &c 

We  must  htdte  indnde  the  coloured  dudom  whidi  appear  when 
ft  narrow  body  throws  a  shadow,  or  coloured  light,  and  when  this 
shadow  is  illuminated  by  white  light.  Such  shadows  as  these 
are  most  easily  obtained  in  the  following  manner :  if  we  let  rays 
of  light  fall  through  a  coloured  glass  upon  a  white  surface,  for 
instance,  a  piece  of  white  paper,  so  that  it  may  appear  coloured, 
and  if  we  receife  upon  any  spot,  by  means  of  a  narrow  body,  the 
edooredrays  lighting  the  paper,  we  shall  obtain  a  narrow  shadow^ 
only  lighted  up  by  the  white  daylight  distributed  around ;  the 
shadow  will  appear  complementary  to  the  colour  of  the  ground ;  if 
a  red  glass  be  used,  the  shadow  will  be  green  ;  if  a  yellow  one  be 
used,  the  shadow  will  appear  blue^  &c.  The  colours  of  these 
ahadows  are  purely  subjective. 

We  often  observe  coloured  shadows  which  are  really  objectively 
fir&egated;  they  arise  where  a  body  casts  two  shadows  by  double 
iUnminationt  and  where  the  sources  of  l%ht  are  of  wionscolours, 
as  in  that  esse  each  shadow  is  illuminated  by  light  of  difierent 
colours.  Such  coloured  shadows  arise  when  the  bluish  light  of 
the  sky  falls  at  twilight  into  a  room  where  a  candle  is  burning; 
thus,  if  we  hold  a  rod  in  such  a  manner  that  it  shall  cast  one 
shadow  in  the  candlelight,  and  another  in  the  daylight,  upon  a  white 
sur&cet,  we  shall  obtain  one  blue  and  one  yellow  ahadow ;  the  one 
being. iHnminated  only  by  the  Uuish  daylight,  and  the  other 
by  the  yellowish  flame ;  in  this  ease  also,  contrast  may  eaereise 
a  great  influence  upon  the  intensity  of  the  phenomenon  of  colora- 
tion, and,  consequently,  a  partially  objective  and  a  partially  subjective 
origin  may  be  aachbed  to  the  appearance. 
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The  phenomena  of  coloured  nebulous  images  may  be  explained 
by  the  circnmstance  that  when  a  portion  of  the  retina  is  affected  by 
coloured  light,  this  direct  effect  re-acts  upon  the  neighbouring 
parts  of  the  retina  in  such  a  manner,  that  they  are  converted  into 
some  of  the  colours  complementary  to  the  primitive  impression. 

This  combination  of  mutually  oomplementsfy  colours  produces 
an  agreeabte  impression  upon  the  eye^  as  may  be  easily  undefstood, 
if  we  oonaider  that  when  any  portion  ci  the  retina  is  aifeeted  bj 
any  one  eoloor,  it  will  manifest  an  effort  to  caU  forth  the  con- 
trasting colour  on  the  neighbouring  parts.  Every  combination 
of  colours,  not  complementary  to  each  other,  is  on  the  contrary 
inharmonious,  producing  an  impression  which  will  be  more 
disagreeable  the  more  intense  the  colours  are;  combiiiatidia  of 
this  kind  are  ssid  to  be  glaring  and  rqralsive :  thus,  for  instancy 
while  a  green  uniform  fiiced  with  erimson  wiU  produce  an  agree- 
able impression,  a  red  uniform  foeed  with  yeOow  will  be  univer- 
sally condemned  as  deficient  in  good  taste. 

TTie  Camera  Obscura, — This  apparatus  invented  by  the  Neapo- 
litan, Porta,  in  the  middle  of  the  seventeenth  century,  consists 
essentially  of  a  convergent  lens  of  somewhat  considerable  focal 
lengthy  which  the  image  of  remote  objects^  as  of  a  Isndscape,  ia 
depicted ;  in  order  to  heighten  the  effect  aa  mudi  as  possible^  il  is 
neeessary  to  eichide  carefully  from  the  plane  on  whiiji  the  images 
arc  thrown  all  lateral  light ;  the  image  must,  therefore,  be  received 
in  a  dark  chamber. 

no.  aas.  The  forms  most  commonly 

given  to  the  Camera  Obscura, 
are  rqiresented  in  Figs.  299  and 
800.  Fig.  299  is  a  box  hsving 
a  projection  ab  e  d,m  which  a 
convergent  lens  6  c  is  inserted; 
the  rays  entering  the  dark  box 
through  this  lens  are  reflected  upwards  by  a  glass  plane  inclined 
at  an  angle  45^  towards  the  azia  of  the  lens^  and  so  arranged  that 
the  image  of  a  distant  object  at  i  ifc  can  be  received  vtfom.  a  ground 
glass  plate.  The  cover  g  k  serves  to  ezdude  as  much  as  possiUe 
all  extraneous  light  from  the  image.  If  the  ground  side  fji  tiie 
glass  be  turned  upwards,  we  may  trace  upon  it  with  a  pencil  the 
outline  of  the  image  arising  at  i  and  thus  obtain  a  drawing  of 
the  objects  true  to  nature. 
Fig.  800  represents  a  somewhat  hollow  box,  at  the  bottom  of 
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lieh  ft  dMt  of  while  paper  it  kid ;  tkioii^  the  vpper  rar&ee 
the  box  there  peseee  e  tube  eontainiiig  the  eonvergent  Um, 

over  which  there  is  a  plane  mirror  indined 
at  an  angle  of  45^  towards  the  vertical. 
The  faya  oomiiig  tnm  the  object  axe 
reflected  downward  from  the  mirrpr,  ao 
that  the  image  is  formed  on  the  surface  of 
the  paper.  This  image  is  very  bright,  owing 
to  all  the  lateral  light  having  been  excluded 
by  the  walla  of  the  bos,  by  which  meana 
we  are  easily  enabled  to  true  the  OfofliiieB 

of  this  image  with  a  pencil. 

The  beauty  of  the  images  depicted  in  a 
Camera  OAfCMra  baa  excited  the  deeure^  if 
possible,  of  pennanently  ftdng  them^  and 
Aough  most  persons  have  regarded  this  object  as  impracticable, 
ere  are  stiU  some  who  have  made  the  attempt.  Since  light 
xMluces  Aemical  aetkma,  wa,  tar  inatancCj  blackens  chloride  of 
\!fa,  there  qipeara  at  any  rate  to  be  a  poanbility  of  proearing 
tnnaBent  impresakma  of  the  unages  fbnned  m  the  CSmwra  Oftacana* 
'^e  will  presently  proceed  to  discuss  the  discovery  of  Dar/uerre, 
bich  was  eaaentially  that  of  perpetuating  in  a  moat  wonderful 
anner  the  imagea  of  the  Camera  Obeeura. 
The  moat  advantageoua  eonatruethm  et  Ae  Camera  Oheemm 
w  the  Dagucrrotype  pictures,  is  that  given  to  it  by  Voigt' 
'nder,  of  Vienna,  to  this  apparatus.  The  lens  used  by  him  is  a 
)mfainatkm  of  crown-flint  glass  lenses,  in  which  the  images  are 
mch  moie  aharply  defined  than  in  *  the  achromatie 
us. 

The  fnagnifying  lens  or  simple  microscope, — ^We  have  alreatly  seen 
lat  the  apparent  magnitude  of  an  object  depends  upon  that  of  the 
Qgk  of  finoa  under  which  it  ia  aeen ;  the  angle  of  vision  increaaea 
I  amouit  ai  propartkmaa  the  object  iabnroght  nearer  to  the  eye; 
•twe  only  bring  it  within  certain  limits,  that  is,  wnthin  the  distance 
f  distinct  vision  from  the  unaided  eye,  when  we  would  distinguish 
lie  outlines  and  the  separate  parts;  and  consequently  the  magnitude 
f  theangleof  TisioBiacbEvamacribed.  Every  inatmment  admitting 
i  a  fcrthor  enlargement  of  the  angle  of  vision  far  small  eonti- 
J'Was  ebjeets  than  the  naked  eye  allows  of,  is  called  a  microscope, 
according  to  this  explanation,  the  opening  in  the  card  described 
^ve,  is  a  micmeope^  that  ia  a  sMyje  mkroeeope,  although  by 
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this  term^  we  genorally  only  dwrigmilB  convex  lenies  of  gmall  focal 

length. 

In  order  to  understand  how  a  simple  convex  lens  can  serve  as 
a  microacope,  we  must  look  at  Fig.  301.    If  F     be  a  convex 

no.  301. 


F 


lens,  and  A  B  on  object  lying  within  the  focal  length  of  the  glass, 
then  all  the  raysj  passing  firom  a  point  of  the  object  A  B,  will 
diveige  after  their  passage  through  the  lens^  exactly  aa  if  they 
eune  from  the  cQReipoiiding  point  of  the  image  e  5  aa  we  hm 
almdy  shown ;  an  eye  bd^d  the  lena  will  be  aMe  to  see  tka 
object  distinctly  through  the  lens,  if  the  image  a  &  be  at  the 
distance  of  distinct  vision ;  in  this  case,  however,  the  object  being 
much  nearer  to  the  eye,  we  should  consequently  be  unable 
to  see  it  without  the  lens.  The  magnifying  power  of  the  lens 
dcpendsi  therefore^  essentially  upon  the  means  it  gives  us  of  bringing 
the  object  very  near  to  the  eyci'and  thus  natorally  incraaing  the 
an§^  ci  vision.  To  determine  the  magnifying  power  produced  by 
the  lens,  we  must  compare  the  magnitude  of  the  angle  of  vision, 
imder  which  the  image  a  b  appears  to  the  eye  when  lying  at  the 
distance  of  distinct  vision,  with  that  of  the  angle  of  ^dsion  under 
which  the  object  itself  would  appear  if  it  were  just  so  far  removed 
firom  the  eye. 

The  angle  under  which  a  b  appears,  can  only  be  ascertained  if  the 
distance  of  the  g^ass  from  the  point  of  mtersection  in  the  eye  be 
known ;  bat  aa  we  hold  the  qfe  dose  to  the  glaa^  the  thickness 

of  which  is  ineonsiderable,  we  may,  without  any  marked  error, 

assume  that  the  point  of  intersection  coincides  with  the  central 
point  0  of  the  lens ;  and  under  this  supposition  the  magnifying 
power  is  easily  calculated. 
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Seenllmi     Oeolgeet  if  B Mid flie  image     impair  imte 
lal  angle  of  mion^  we  therefore  find  bow  mueb  it  it  migmtoi 

we  compare  the  anprle  of  vision  under  which  A  B  appears  with 
it  under  which  the  same  object  would  appear  if  removed  from  O 
die  dktaM  of  dialiiietfinoii,  thai  i%  to 
i  Aa  Ae  afpumi  aiie  of  an  ols|eet  ia  iimvaely  proportkmate 
its  distance  from  the  eye,  so  is  the  angle  of  vision  A  O  B  to 
J  angle  under  which  A  B  would  appear  if  seen  from  O,  if  this 
ject  were  removed  to  a  4^  or  inTcraelyj  as  the  distance  of  the 
jaetil  J^and  of  the  im^ga  «6  ikom  O.  If  we  dfiagnata  aa 
idiatoae  of  the  image  from  O,  and  the  dktaneeof  Oftolijeai 

B  tnuk  the  eye  aa  #^  the  magnifying  power  will     ^  '  hmg 

■  distanaa  of  ^•■^'"^  viaion* 

If  ne  wave  to  Mmie  what  eortainly  ia  not  the  eaae,  fliat  the 

age  is  within  the  distance  of  distinct  vision,  and  the  object  in 

»  fiwna  of  the  lens,  the  magnifying  power  woiild  be 

g 

f  represent  the  focal  length  of  the  glaas.   This  expression  y 

id  not  certainly  give  us  the  true  value,  but  it  enables  us  to 
praiimate  to  a  oonect  *^»"»atA  q£  the  magnifying  power  of  the 

18. 

If  the  image  mh  wevaal  the  dialanee  d,  the  ohjeet  wodd  he 

Un  the  focal  distance ;  x  is  therefore  in  every  case  smaller  than 
the  true  value  of  the  magnifying  power  is^  therefore^  at  all  events 


aevhat  greater  than  -7. 

a,  lor  fiwhmee,  the  dialanee  of  diatniet  viaimi  he  10  indies^  and 
i  focal  length  of  the  lens  2  inches,  the  magnifying  power  will 

D  be  aomewhat  more  than      that  ia^  rather  move  than  5. 

IhenaDeraevafaieof/,  the  leeawiDbethe  fcealdiatanee  of  the 

a;  the  less  also  will  be  the  value  of  « in  proportion  to  the  great- 

n  of  the  vafaie  of  — ,  and,  eonaeqnently,  the  greater  will  be  the 

X 

gaifying  poMT.  A  kna  of  anendl  fimd  dialanee  BngniCea  mora 
Bngly  Aan  om  of  greater  ftml  dialapee. 

The  Solar  Microscope. — ^This  instrument,  the  action  of  which 
ongg  to  the  most  intffryftiTig  and  instructive  in  optics,  consists 
a  qfstem  of  gliaana  a«nng  to  ilhiminato  objai^  and  of  a 
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system  of  lenses  of  short  focal  distances  giving  a  convergent  image 

of  the  objects. 

The  minor  m,  Fig.  802,  refleeta  the  solar  light  along  the  tube  i, 
panlld  with  ita  axis.  The  lena  t  r  makes  the  rays  aomewhat 

eonvergent,  a  second  lens  /  increases  this  convergence  still  raore^ 

so  that  the  rays  are  united  at  a  locus,  which  is  very  near  to 
the  object  under  examination.  In  order  that  this  may  always 
be  rendered  possible^  the  lens  must  be  made  moveable ;  this 
motion  is  imparted  by  a  screw^  the  knob  of  which  ia  outside  the 
tube  and  let  into  a  little  notdied  rod  ftatened  to  the  setting  of  the 
lena. 

The  objecta  seeoxed  between  or  upon  glass  plates,  are  brought 

between  the  metal  plates  p'  and  g.  As  the  plate  q  is  pressed  by 
springs  against  p*,  the  objects  are  held  by  this  pressure,  and  thus 
prevented  from  slipping. 

If  the  object  be  properiy  adjusted  and  illnmined,  it  ia  euj  to 
obtain  an  enlarged  image  <Mf  it.  For  this  purpose  we  make  nae 
of  the  aduromatielena  (which  ia  really  the  objeet-kna.  A  notdied 
rod  ia  fintened  to  the  setting  of  this  lens,  in  which  a  elide  ia 
inserted,  by  which  the  lens  /  may  be  moved  at  will.  We  now 
adjust  the  lens  at  the  proper  distance  from  the  object,  until  we 
have  obtained  a  sharp,  clear  image  upon  a  white  wall,  a  piece  of 
linen,  or  a  paper  screen,  at  a  distance  of  10,  15  or  20  feet.  As 
an  actual  image  is  formed  here,  it  necessarily  follows  that  the 
object  must  be  at  the  other  side  of  the  fbcoa  of  the  lens  L  We 
may  cslenkte  the  magnifying  power,  by  dividing  the  diatanoe 
of  the  object  from  the  lens  by  the  distance  of  the  image  from  it. 
If,  however,  we  want  to  observe  directly  the  amount  of  the  magni- 
fying power,  we  must  make  use  of  a  glass  micrometer,  the 
magnitude  of  whose  divisions  is  known,  and  then  measure  the 
sise  of  the  divisions  in  the  image. 
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FIG.  303. 


Similar  microscopes  have  also  been  constructed  in  which  the 
light  of  the  sun  is  replaced  by  artificial  light,  as,  for  instance, 
by  the  light  of  a  ball  of  lime  (Drummond's  light)  ignited 
by  the  oxy-hydrogen  blow-pipe,  or  by  the  light  of  a  lamp  of 
great  illuminating  power.  The  magnifying  power  will  be  small 
in  proportion  to  the  smallness  of  the  illuminating  power  of  the 
lamp. 

Tlie  Magic  Lantern  (latema  magica)  depends  upon  similar  princi- 
ples, the  only  difference  being  that  the  objects  are  painted  in  large 
dimensions  upon  glass,  and  are  lighted  by  a  lamp  allowing  at 
most  of  15  to  20-fold  magnifying  power. 

The  Compound  Microscope, — The  principles  on  which  the  con- 
struction of  all  microscopes  depend,  however  different  in  their 
arrangements,  are  the  following : 

1.  The  objects  to  be  subjected  to  experiment,  are  placed  near  a 
convex  lens  h,  of  short  focal  distance,  and  somewhat  beyond  the 
focus.  This  lens  is  called  the  object  glass,  whether  it  be  simple  or 
compound,  achromatic  or  not  achromatic. 

2.  The  actual  and  magnified  images, 
thrown  by  the  objects  through  the 
object-glass,  are  seen  through  a  convex 
lens  c,  which  serves  here  as  a  micro- 
scope ;  this  second  lens  is  called  the 
ocular  or  ege-glass  of  the  microscope, 
whether  it  be  simple  or  compound, 
achromatic  or  not  achromatic. 

Thus  every  dioptric  microscope  is 
essentially  composed  of  an  object- 
glass,  and  an  eye-glass;  andthe  magni- 
fying power  of  the  microscope  is  the 
product  of  the  magnifying  powers 
produced  by  these  glasses.  If,  for 
instance,  the  object-glass  magnified  5 
times,  and  the  eye-glass  10  times,  such 
a  microscope  would  consequently  mag- 
nify the  diameter  of  objects  50  times, 
and  these  surfaces  2500.  We  should  obtain  a  linear  power  of 
1000,  and  a  superficial  power  of  1,000,000  if  the  magnifying 
powers  of  the  object-glass  and  the  eye-glass  were  respectively  100 
and  10,  or  50  and  20,  or  40  and  25,  &c. 
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The  nfieeting  Telescope* — We  apply  the  term  TeUteope,  to  tfl 
instruments  serving  to  show  distant  objects  magnified.  It  con- 
sists of  a  concave  mirror  or  a  converging  lens,  by  which  an 
image  of  distant  objects  is  prodnced*  which  is  seen  through  a 
simple  or  oompoimd  eye-glasa^  or  eye-piece.  If  the  image  be 
vefleeted  by  a  eoncave  minor,  we  term  the  instrament  a  reflecting 
telescope.  Its  most  important  part  is  a  concave  minor  of  metal 
tamed  towards  the  object,  of  which  an  inverted  image  is  prodoced 
in  accordance  with  the  laws  we  have  already  treated  of.  Different 
telescopes  vary  only  in  the  manner  in  which  tins  image  is 
observed. 

The  most  common  arrangement  adopted  in  the  construction  of 
these  tdescopes  is  rq^reaented  in  Fig.  804  The  eoneave  ndmr 

rm  304  fli'  has  a  eizciilar  aper- 

4^^u     M   tnre  c  c'  in  its  eentre;  the 

incident  rays  are  so  re- 
flected that  a  real  inverted 
image  of  distant  objects  is 
formed  at  1 1';  this  image 
is  now  within  the  focal  distance  of  the  small  concave  mirror  v, 
hj  whidi  an  upright  image  of  the  inverted  image  t  is  formed 
before  the  eye-glass.  The  eye-glass  is  composed  here  as  in  the 
microscope^  of  two  lenses.  The  first  causes  the  rays  passing  from 
the  mirror  v  to  be  more  convergent,  and  consequently  moves  the 
image  n  nf  somewhat  nearer  to  the  mirror  than  would  be  the 
case  if  it  were  not  for  this  lens ;  the  image  nn'  is  now  seen  through 
the  lens  immediately  before  the  eye. 

The  minor  v  must  be  removed  from,  or  drawn  nearer  to  the 
eye-glassy  in  proportion  to  the  greater  or  smaller  distance  of  the 
dijeets  to  be  observed;  this  is  effected  by  the  serew  h  t. 

Refracting  Telescopes, — In  some  telescopes,  a  converging  lens 
is  used  in  the  place  of  the  concave  mirror.  An  achromatic  lens 
should  be  chosen^  in  order  that  the  image  of  distant  objects  thrown 
upon  the  object-glass  may  be  clear  and  shsxply  defined;  such  aa 
object-glass  must,  theieforei  always  be  composed  of  two  nneqnalty 
dispersive  sabstanoes;  two  knses  being  generally  used  that  are 
in  immediate  contact,  as  we  have  already  described;  but  in 
dialithic  telescopes,  the  aehromatising  flint-glass  lens  is  removed 
further  from  the  front  crown-glass  lens,  and  brought  nearer  to  the 
ocular,  so  that  the  former  may  have  a  smaller  diameter.  Teles* 


REFRACTING  TELESCOPES. 


285 


copes  differ  in  the  various  arrangements  of  the  ocular.  In 
Galileo's  telescope,  the  ocular  consists  of  a  simple  biconcave  lens ; 
the  ocular  of  the  night,  or  astronomical  telescope,  has  one  or  two 
converging  lenses ;  while  the  terrestrial  telescope  has  four. 

The  arrangement  of  Galileo's  telescope  is  represented  in 
Fig.  305.    V  Wi&  the  object-glass,  which  would  produce  a  dimi- 


riG.  305. 


nished  inverted  image  at  a  6,  if  the  rays  were  not  already  received 
by  the  concave  glass  X  Z,  But  now  the  eye-glass  is  so  placed  that 
the  distance  of  the  image  a  b,  is  somewhat  greater  than  the  dis- 
persive distance  of  the  concave  lens ;  consequently,  all  rays  con- 
verging towards  one  point  of  the  image  a  b,  are  so  refiucted  by 
the  concave  lens  that  after  their  passage  through  it,  they  diverge 
as  much  as  if  they  came  from  a  point  before  the  glass ;  the  rays 
converging  towards  b  diverge,  therefore,  as  if  they  came  fipom  B ; 
and  those  converging  towards  a,  as  if  they  came  from  A ;  we  thus 
see  the  erect  magnified  image  A  B  through  the  telescope. 

It  is  easy  to  calculate  the  magnifying  power  of  this  kind  of 
telescope,  if  we  know  the  focal  distance  of  the  object-glass  and  the 
amount  of  dispersion  of  the  eye-glass.  The  angle  under  which 
the  object  would  appear  without  the  telescope  is  equal  to  the  angle 
under  which  the  image  a  b  appears  when  seen  from  the  focus  of  the 
object-glass,  and  is  consequently  equal  to  the  angle  b  p  a ;  if  we 
suppose  the  eye  removed  to  the  focus  o  of  the  eye-glass,  the  object 
seen  through  the  telescope  will  appear  under  the  angle  AoB, 
which  is  equal  to  the  angle  boa;  in  order,  therefore,  to  deter- 
mine how  many  times  a  telescope  magnifies,  we  have  only  to  deter- 
mine how  many  times  the  angle  b  o  a  is  greater  than  the  angle 
b  p  a. 

The  distance  of  the  image  a  b  from  the  object-glass  is  equal  to 
the  focal  distance  /  of  the  latter,  if  the  object  be  very  far  removed ; 
but  the  distance  of  the  image  a  b  from  the  ocular,  is  not  percep- 
tibly larger  than  the  dispersive  distance  f  of  this  glass,  and  we 
may,  therefore,  without  any  serious  error  consider  the  distance  of 
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the  image  a  h  from  o  as  equal  to/  ;  but  now  the  angles  h  p  a  and 

boa  are  inversely  very  nearly  as  this  distance,  therefore  : 

«         »  A    *       b  0  a  f 

hp  ai  ho  a  =f :  u  or  ,  

*    *       b  p  a  f* 

If  we  consider  the  angle  6|i  a,  under  which  the  object  appears 

without  a  teleioope^  aa  =  1,  we  shall  have  6   a,  the  angle  under 

/ 

which  it  will  be  seen  in  the  telescope  ^  "y? »        ^>      shall  find 

the  magnifying  power  by  dividing  the  focal  distance  of  the  object- 
glass  by  the  dispersive  (or  focal)  distance  of  the  eye-glass :  the 
magnifying  power  increases,  therefore,  directly  with  the  augmen- 
tation  of  the  focal  distance  of  the  object-glass,  and  inversely  with 
the  dispersive  (or  focal)  distance  of  the  qre^glass. 

The  distance  of  the  two  glasses  is  evidently  very  nearly  equal 
to  f'^f;  if^  therefor^  we  join  different  eye-glasses  to  the  same 
object-glass,  the  distance  of  the  two  glasses  must  be  greater  in 
proportion  to  the  shortness  of  the  focal  length  of  the  eye-glass,  and 
therefore  to  the  increase  of  the  magnifying  power. 

In  astronomical  telescopes  the  image  of  the  object-glass  is  actually 
formed,  and  is  seen  through  a  simple  or  compound  lens,  as 
represented  in  Fig.  806 ;  a  6  is  an  inverted  image,  formed  by 

no.  306. 


the  object-glass  F IP^  of  an  object  which  is  eiamined  by  the 
lens  X  Zj  and  appears  magnified  at  A  B. 

The  magnifying  j)ower  of  such  a  telescope  can  easily  be  cal- 
culated, if  we  know  the  focal  length  of  the  object-glass  and  the 
eye-glass,  for  the  angle  of  vision  under  which  the  object  appears 
to  the  naked  eye  is  equal  to  the  angle  under  which  the  image  a  b 
la  seen  from  the  middle  of  the  object-glass  V  W ;  but  it  appears 
throog^  the  teleaoope  under  the  same  angle  aa  the  image  b  a,  seen 
from  the  middle  of  the  eye-glasa  XZ;  but  the  one  of  these  angles 
ia  to  Hie  other  inversely  as  the  distance  of  the  image  a  h  from 
the  object-glass  to  the  distance  firom  theeye-gUsa;  and  the  image  is 
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•t  the  ibeal  distance  /  from  the  object-glass,  and  at  the  distance  f 
from  the  eye-glass,  if  we  designate  the  focal  distance  of  the  eye- 
glass by  /  ;  the  angle  of  vision  under  which  the  distant  object 
appears  when  seen  through  the  telescope,  is  to  the  angle  of  visioii 
under  which  it  is  seen  by  the  naked  eye  as  /  to  the  magnify- 
ing power  of  the  telescope  is  therefore 

The  length  of  the  telescope  is  /  +  / ;  that  is,  it  is  equal  to  the 
fnm  of  the  focal  distances  of  both  glasses. 

In  general  a  combination  of  two  lenses  is  made  use  of  instead 
of  one  smiple  lens  for  the  eye-glass.  The  compound  eye-pieces  of 
astronomical  telescopes  are  either  arranged  precisely  like  the 
compound  eye-pieoes  of  the  mieroaeope — in  which  eaae  the  image 
is  fonned  between  the  two  glasses  of  the  eye-piece  or  the  two 
knsea  are  placed  near  to  eadi  other,  so  that  the  image  is  fermed 
before  the  eye-piece,  and  is  seen  through  both  lenses  as  through 
one  single  strong  one. 

It  is  e\ident  that  we  see  the  objects  inverted  through  an  astro- 
nomical telescope,  for  an  inverted  image  of  the  distant  object 
is  fonned  upon  the  object-glass,  and  from  being  seen  through 
a  simple  magnifying  glass  does  not  agvm  iqppear  erect. 

Hie  deamesa  of  the  image  depends  upon  the  aperture  of  the 
dbjeet-ghus,  and  die  extent  of  the  field  of  view  upon  the  eye-glass. 

Ixi  order  to  be  able  to  bring  the  objects  to  be  observed  within 
the  field  of  view  of  astronomical  telescopes,  a  cross  wire  must  be 
appHed,  exactly  at  the  spot  where  the  image  of  the  object  appears 
through  the  object-glass. 

Although  it  is  inexpedient  in  looking  at  terrestrial  objects  to  see 
eraything  inverted,  it  matters  but  little  in  astronomical  obaenr»- 
tiona,  or  in  making  measorementa.  In  order  to  see  objects, 
erect  when  they  are  very  strongly  magnified,  the  eye-gUm  of 
the  astronomical  telescope  is  replaced  by  a  tube  containing 
four  convex  lenses,  and  we  thus  obtain  the  terrestrial  telescope. 
The  four  lenses  in  the  eye-piece  form,  in  some  de^ee,  a  magnify- 
ing compound  microscope  of  inconsiderable  power,  by  which  the 
inTerted  image  is  made  to  appear  erect  The  two  anterior 
^assea  in  the  qfe-|neee  form,  in  some  reapeets,  the  oltjeet- 
glass  of  this  mieroaeope,  while  the  two  othm  constitate  the 
eye-glass. 

The  magnifying  powers  of  the  Galilean  and  the  astronomical 
telescopes  may  be  calculated,  as  we  have  already  seen,  by  the 
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focal  distances  of  the  glasses ;  Irat  as  ibis  focal  dutance  baa  fint 

to  be  ascertained,  it  is  better  to  determine  the  amount  of  magnify- 
ing power  by  immediate  experiment.  This  may  be  simply  done 
in  the  following  manner:  we  place  at  some  distance  from  the 
telescope  a  graduated  staffs  such  as  is  used  in  measuring  land, 
and  while  we  keep  one  eye  directed  to  thisy  we  look  thron^^  the 
tdflaeope  at  the  aame  tune  with  the  other ;  we  thna  obaenre  bow 
many  diviaiona  of  the  gradoated  staff  aeen  by  the  naked  cje 
M  upon  one  of  the  degreea  magnified  by  the  teleacope,  and 
consequently  obtain  the  value  of  the  magnifying  power.  The  rows 
of  tiles  of  a  roof  will  answer  a  similar  purpose  to  that  of  the 
graduated  staff. 

Formerly  dioptric  telescopes  were  very  imperfect^  aa  aduomatic 
objiTt  glaatna  had  not  then  been  appHed  in  practice ;  and  on  that 
aeooont  n  eoneave  minrar  waa  made  nae  ol  inatead  of  the  ofajeet* 
lena^  and  thna  arose  the  reflecting  teleacope. 


CHAPT£&  V. 
VBBNoiaiM  ov  iNnnmnvei. 

Two  different  hypothesea  have  been  advaneed  to  explain  the 
different  phenomena  of  hfjttt,  namely,  the  tbeoiy  of  Emktkm,  or 
Corpu9adat  theory^  and  the  theory  of  Fibnikm,  or  CMbiftilory 

theory. 

The  theory  of  emission  assumes  that  there  is  a  peculiar  substance 
of  light,  and  that  a  luminous  body  transmits  particles  of  this 
fine  substance  in  all  directions  with  such  velocity^  that  a  particle 
of  hght  travela  from  the  sun  to  the  earth  in  8  minutes  13  seoonda. 
Thia  aubstance  of  light  moat  neoemrify  be  extremely  attenuated, 
and  not  aabjeet  to  die  aetbn  of  gnvHy,  oonaeqnentlgr  %  must  be 
considered  as  imponderable.  The  diffbenoe  of  the  odloora  of  lig^ 
rests  upon  the  difference  of  the  velocity  of  transmission ;  reflection 
is,  therefore,  according  to  this  view,  analogous  to  the  rebounding 
of  elastic  bodies.  To  explain  refraction  according  to  this  theory, 
we  must  assume^  1.  That  there  are  in  transparent  bodies  inter- 
ttioea  sufficiently  large  to  allow  of  the  paaaage  of  pertidea  of 
;  and  ft.  That  ponderable  molecajea  enert  aa  attreetife 
IfgflpeDM  on  the  partidea  of  light,  and  that  tbk  eombnied  wA 
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the  velocity  attained  by  the  particles  of  light,  occasions  their 
deviation  from  their  direct  course. 

The  theory  of  Vibration  assumes,  that  light  is  propagated  by 
the  vibrations  of  an  imponderable  matter  termed  ether.  According 
to  this  theory,  light  is  somewhat  similar  to  soimd ;  sound,  however, 
is  transmitted  by  the  vibrations  of  a  ponderable  substance,  while 
light  is  propagated  by  the  vibrations  of  an  imponderable  one — 
ether.  This  ether  fills  the  whole  universe,  since  light  penetrates 
the  spaces  of  heaven.  This  imponderable  substance  is  not  only 
distributed  through  the  otherwise  vacant  space  separating  the 
stars,  but  it  penetrates  all  bodies,  filling  up  the  interstices  occur- 
ring between  ponderable  atoms.  If  the  ether  were  in  a  state  of  rest 
throughout  the  whole  universe,  there  would  everywhere  be  dark- 
ness ;  but  put  into  vibration,  as  it  were,  at  one  spot,  the  waves  of 
light  are  propagated  in  all  directions,  as  the  vibrations  of  a  chord 
are  transmitted  through  a  calm  atmosphere.  Light  which  first 
arises  from  motion  is,  therefore,  to  be  distinguished  from  the  ether 
itself,  as  the  vibratory  motion  producing  sound  is  to  be  distinguished 
firom  the  vibrating  particles  of  ponderable  matter. 

For  a  long  time  both  theories  numbered  adherents  amongst 
eminent  men  of  science.  Newton  established  the  theory  of  emana- 
tion, and  Huyghem  may  be  considered  as  the  founder  of  the  theory 
of  undulation.  The  fundamental  study  of  the  phenomena  of  light, 
which  we  are  about  to  treat  of,  has  afforded  a  decided  triumph 
to  the  theory  of  imdulation,  for  these  phenomena  admit  of  a 
very  simple  explanation  by  the  hypothesis  of  aif-waves>  but  not 
so  by  the  theory  of  emission. 

Elements  of  the  theory  of  Undulation, — The  particles  of  a  lumi- 
nous body  vibrate  in  a  manner  similar  to  those  of  sonorous  bodies, 
only  the  undulations  of  light  are  infinitely  more  rapid  than  those 
of  sound;  they  are  not,  however,  transmitted  by  ponderable 
matter,  but  by  the  luminous  ether. 

If  a  ray  of  light  be  transmitted  in  the  direction  from  Aio  B, 
Fig.  307,  all  the  particles  of  ether  lying  in  a  condition  of  equili- 
brium, upon  the  straight  line  A  B,  vibrate  in  directions  at  right 

Fio.  307. 
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WaijkiB  to  id  in  afanort  Hit  ttme  imj  at  do  tba  parts  of  'a  teoae 
linoy  sharply  ainusk  at  one  eod.  The  eorve  in  fig.  807  rqureaanta 
tibe  inntnal  poaitiiNi  of  the  Tibrating  moleonlea  in  a  definite  moment 

of  their  motion. 

Let  us  now  consider  the  vibrations  of  a  molecule  of  ether  some- 
what more  clo«ely.  The  particle  whose  position  of  equilibrium  is 
at  b,  vibrates  continuaUy  between  the  points  and  b".  At  ^  its 
trekaity  is  nnll;  the  morSy  however^  the  particle  approachea  ihit 
positieii  of  e^pflibriiimi  the  more  its  Telocity  ineteasesy  nntil  thia 
attaina  ita  marimnm  at  ^  moment  in  which  the  mdeenle  passes 
its  position  of  equilibrium;  from  this  time,  the  velocity  again 
diminishes  until  it  is  again  null  at  b",  on  which  the  motion  begins 
in  an  opposite  direction. 

Although  light  travels  with  extraordinary  rapidity,  its  trans- 
ausnon  is  not  instantaneona ;  the  vibraticms  of  a  molecule  of  ether 
aio  noty  Obmion,  inatamtaneonaly  transmitted  in  the  direetien  of 
the  ray  to  the  succeeding  molecules.  Let  us  suppose  the  whole 
series  of  molecules  on  the  line  ^  £  to  be  at  rest.  If  now  the 
molecule  b  begin  its  vibrations  at  a  definite  moment,  all  the  other 
molecules  lying  further  beyond  B  will  begin  to  vibrate  later  in 
proportion  as  they  are  removed  from  b ;  whilst  the  molecule  b 
makes  a  perfect  vUnration^  that  is,  whilst  it  moves  from  f  iob^* 
and  faaek  again  towaxda  b*,  motion  will  be  tranamitted  to  aome  one 
mokeolej  aa  c^,  ao  that  the  latter  will  begin  its  fresh  Tibration  at 
the  same  moment  in  which  h  begins  its  seeond  motion.  Firom  this 
time,  the  molecules  b  and  c  will  constantly  be  in  the  same  phase 
of  vibration,  that  is,  they  will  simultaneously  pass  the  position  of 
equilibrium  moving  towards  the  same  side,  and  will  simultsneoosly 
attain  the  maximum  of  deviation  on  either  side  of  A  B* 

Hie  diatanoe  be  between  two  moleealea  of  ether  eonstantfyin 
Uie  same  phaae  of  yftration,  is  termed,  aa  we  haio  already  aeen, 
the  length  €i  a  wave.  If  e  J  be  also  the  length  of  a  wave,  the 
molecule  will  begin  its  first  vibration  at  the  moment  in  which  e 
begins  its  second,  and  b  its  third  oscillation ;  d  will  from  this 
time  be  constantly  in  the  same  phase  of  vibration  as  c  and  b. 

If  /  lie  half-way  between  b  and  c,  that  is,  if  it  be  removed  half 
the  length  of  a  wave  from  b,  the  molecule  at  /  will  always  be  in 
phases  of  vihsaftMi  epposila  tatibasaef  Asmalecniw  at  6  and  c. 
Whoi  bwad  e  attam  lim  au»ni  of  dariatisB  above  AB, 
attains  the  same  maximum  on  the  opposite  side.  Th/e  molecule 
/  passes  the  position  of  equilibrium  simultaneously  with  b  and  c, 
but  moves  in  an  opposite  direction. 


Digitized  by  Google 


BLUUNn  OF  TU  THBOET  OP  UHBiriiAnON.  S91 

If  bm  t—hinfti  9f  efhtr  he  remmfed  \  ike  hmffih  ef  mwamfnm 

h  other  in  the  path  of  a  ray  of  light,  they  will  always  be  affected 
equal  but  appoeite  velocities.  The  same  applies  to  such  par- 
'os  as  are  remaved  ^  ^  length  of  a  wa?e« 

£be  knglli  of  a  waite  it  Ml  tiieiaiiie  fcr  diAmt  ookran;  il 
krgest  for  the  red,  and  smallest  for  the  violet.  We  camiot 
at  further  here  of  the  manner  in  which  the  length  of  waves  fur 
brentljr  coloiimL  xaya  may  be  detcmiiied  with  ertraordinaiy 
tmefm 

Unequal  periods  of  undulation  and  different  lengths  of  waves  are 
x  ndant  upon  each  other ;  thus  the  undulations  of  violet  rays  are 
quickest^  and  those  of  the  red  rays  the  slowest. 
MTe  tlma  aee  that  in  light  the  diffennee  of  edonra  oormponda 
il  the  unequal  height  and  depth  of  tint. 

We  may  form  a  very  clear  idea  of  the  manner  in  which  waves  of 
lit  are  distributed  in  all  directiops  from  a  luminous  pointy  if^  as 
have  already  shown,  we  eonsidar  the  wares  that  arise  upon  the 
:Amof  a  pieee  of  stffl  water  OB  die  throwing  in  of  a  stone.  Fran 

'  spot  where  the  stone  sinks  in  the  water,  circular  waves  are 
med ;  the  advance  of  these  waves  irom  the  central  point  of  motion 

n  not  dsfsssd  mfm  tie  sspawte  paitisiea  of  w»tsr  tsroig  sach  a 
igressiveaMiioB,  Ibr  if  aB^  body,  as  a  piees  ef 

:hin  the  boundary  of  the  undulatory  motion,  it  will  only  rise  and 
I  alternately.  The  particles  of  water  move  alternately  up  and 
vnatthe  spot  where  the  stone  fell  into  the  water^  and  thia  motion 
tomsinitled  in  a  eisde  witih  eqnal  velocity ;  all  tiie  partidea 
water^  therefore^  wfaieh  are  equi-distant  from  the  middle 
int,  will  also  be  in  Uke  phases  of  vibration ;  that  is,  they  will 
lultaaeoosly  reach  their  highest  and  lowest  position.  Concentric 
ge^ehfatkina  and  dqpnssions  w3D,  AersAac^  be  fomied,  ae  is 
>ra  in  Fig.  808l  If  at  a  definite  moment,  the  complete 
3Qg^  circles  correspond  to  tlie  wave  eleva- 

tions, and  the  dotted  circles  to  the  wave 
depmsioBSy  die  wapre  deratioiia  will 
spread  outward  in  soeh  a  namer  as  to 

be  after  a  short  period  of  time  exactly 
at  the  dotted  axis^  while  the  wave  de- 
pwsskaa  will  hai^e  in  like  aMomer  as* 
earned  the  j^aeea  deAned  Iqr  tl>e  esmfMe 

circles. 

AU  the  particles  of  water  intervening 

u  2 
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between  two  saooesnve  wave-elevationB  or  wave  depreaaunu  fonn  a 
wave^  wliile  length  of  the  wave  is  the  dittanee  from  one  elevation  to 

another,  or  from  one  depression  to  the  next.  As  one  particle  of 
water  descends  at  a,  for  instance,  from  its  highest  position,  and 
then  rises  a^ain  to  the  sunnnit  of  a  wave-elevation,  the  latter  will 
advance  one  length  of  a  wave. 

As  the  waves  of  water  disthbute  themselves  in  concentric  circles 
aroond  the  point  of  displacement,  the  nndnlations  of  light  move  in 
concentric  spherical  layers  aronnd  the  sonroe  of  light;  the  narfaee 
of  the  wmm  of  light  ia  spherical,  at  least  as  long  as  the  elasticity 
of  the  ether  remains  the  same  in  all  directions. 

Interference  of  rays  of  light. — We  will  at  once  proceed  to 
explain  how  the  combined  action  of  two  pencils  of  light  sometimes 
produces  increased  light,  and  sometimes  perfect  darkness. 

Such  an  increaae  or  cessation  of  light  produced  by  the  combined 
action  of  two  rays  of  light  is  designated  by  the  term  mimfermee 
of  them3rs  of  light ;  and  may  be  thus  explained. 

In  Fig.  809,  the  lines  A  B  and  C  D  represent  two  elementary 


no.  809. 


rays  of  light,  whicb,  emanating  from  one  source,  reach  the  point 
a  by  diflferent  paths,  and  intersect  each  other  at  a  very  acute 
angle.  If  the  distance  traversed  by  the  ray  of  light  C  D  on  its 
path  from  the  source  of  light  to  the  point  a  be  as  great,  or  1,  2,  or 
3  lengths  of  a  wave  grnter  than  the  length  from  the  soniee  of 
light  to  the  point  «  on  the  patih  of  the  other  n^,  the  two  njB 
will  interfere  at  a  in  the  manner  represented  in  Fig.  811. 

The  wave  line  abed  represents,  at  a  given  moment,  the  idaAive 
position  of  the  particles  of  ether  transmitting  the  rays  in  the 
direction  A  B.  The  particle  b  has  just  reached  its  extreme 
external  position  below  A  B,  and  the  particle  a  passes  its  point  of 
equilibrium  in  the  direction  indicated  by  the  little  arrow. 

The  dotted  wave  line  shows  us  the  abnnltaneous  state  of  vibra- 
tion of  the  partides  of  air  propagaiting  the  pencil  of  lig^t  C  D. 
If  both  rays  have  traversed  equal  distances  from  the  source  of 
light  to  the  point  a,  the  particle  a  will  be  affected  simnltaneotisly 
in  the  same  way  by  both  rays ;  at  the  moment  represented  in  our 
drawing,  the  particle  a  is  likewise  forced  downward  by  the  second 
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wave  system,  the  intensity  of  vibration  is,  therefore,  twice  as  great 
as  if  its  motion  were  only  influenced  by  the  vibrations  of  one 
ray  of  light. 

In  like  manner  the  vibrations  of  two  rays  of  light  meeting  at 
one  point,  and  deviating  throughout  their  whole  course  about  the 
multiple  of  a  whole  length  of  a  wave,  must  strengthen  each  other. 

Fig.  310  represents  the  combined  action  of  two  rays,  one  of 

FIG.  310.  .  . 


which  has  preceded  the  other  by  an  odd  multiple  of  a  half  a  length 
of  a  wave.  By  the  vibrations  of  the  one  ray  (the  wave-line  corres- 
ponding to  it  is  fully  delineated,  while  that  of  the  other  ray  is  only 
dotted)  the  particle  a  is  urged  upwards  at  the  same  moment  in 
which  the  undulations  of  the  other  ray  strive  to  move  it  downwards 
with  equal  force,  the  two  opposite  forces,  therefore,  neutralize  each 
other,  and  the  particle  a  remains  at  rest. 

We  have  hitherto  only  considered  those  cases  in  which  the  diffe- 
rence of  the  interfering  rays  amounts  to  the  multiple  of  a  whole 
length  of  a  wave,  or  to  an  odd  multiple  of  a  half  the  length  of  a 
wave.  If  the  difference  falls  within  these  limits,  an  effect  will  be  pro- 
duced by  the  interference  of  the  two  rays  lying  between  the  limits 
of  which  we  have  already  spoken,  that  is,  there  can  neither  be  any 
complete  destruction  of  the  undulation,  nor  any  doubling  of  the 
intensity  of  the  undulation.  The  actual  intensity  of  undulation 
produced,  approaches  more  to  one  or  other  of  these  limiting 
values,  according  as  the  difference  of  the  path  approximates  more 
nearly  to  an  odd  multiple  of  a  half  a  wave,  or  to  a  multiple  of 
the  whole  length  of  a  wave. 

We  now  pass  to  the  consideration  of  those  phenomena  which 
admit  of  being  referred  to  the  principle  of  interferences. 

Refrang'thility  of  light. — If  wc  lfM)k  at  a  little  solar-image  on  the 
inside  of  a  blackened  watch-glass,  a  polished  metal  button  or  a 
thermometer  bulb  by  means  of  a  fine  circular  opening,  as  may  be 
made  with  a  fine  needle  in  a  card,  we  see  a  light  round  spot 
surrounded  by  several  coloured  rings.  Fig.  312  represents  this 
phenomenon. 

If  instead  of  the  point,  we  make  a  fine  straight  slit  in  the  card. 


294 


RBPRANOIBILITY  OP  LIGHT 


FIO.  311. 


PIG.  312. 


and  look  through  it  at  the  solar  image  upon  the  watch-glass,  or 
(which  is  better)  upon  the  light  line  on  a  glass  tube  blackened 
in  the  inside,  and  laid  in  the  sun,  we  shall  see  the  phenomenon 
exhibited  at  Fig.  311.  In  the  centre  of  the  image  we  shall  see  a 
light  stripe,  having  at  both  sides  narrower  coloured  stripes  which 
have  a  less  intensity  of  light  as  they  approach  the  outside. 

The  finer  the  circular  opening,  and  the  narrower  the  slit,  the 
broader  will  be  the  rings  or  the  stripes  as  the  case  may  be. 

The  simplest  mode  of  observing  this  phenomenon  is  by  holding 
a  glass  of  only  one  colour,  a  red  one  for  instance,  to  the  eye  with 
the  card;  then  on  looking  through  the  slit  we  shall  see  in  the 
centre  a  bright  red  stripe  bounded  on  both  sides  by  a  black  stripe ; 
on  either  side  there  \vill  then  succeed  several  red  lateral  images 
which  always  become  fainter,  the  one  being  divided  from  the  other 
by  a  black  stripe,  nearly  in  the  manner  represented  in  the  under- 
most series  in  Fig.  315. 

The  bright  sides  as  well  as  the  bright  stripe  form  the  same 
colour  in  the  middle,  they  are  not  sharply  defined  by  the  black 
stripes,  the  transition  from  clear  light  to  the  darkest  spots  is, 
therefore,  gradual. 

We  see  the  same  phenomenon  through  a  green  glass,  only  in 
this  case  the  stripes  are  narrower,  and  when  a  violet  glass  is  used 
they  are  still  more  so,  as  indicated  in  Fig.  313.    The  explanation 

of  these  phenomena  can  only 
be  here  cursorily  touched 
upon. 

If  the  light  fall  from  a 
sufficiently  remote  point 
straight  upon  the  plane  of 
the  screen  A  B  in  which 
there  is  the  opening  C  D, 


no.  313. 
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we  may  consider  all  the  particles  of  ether  at  this  opening  as 
equally  remote  from  the  source  of  light,  and,  therefore,  in  like 
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side  of  the  screen  in  all  direoooitt,  as  if 
it  were  a  self  luminous  particle;  the 
intensity  of  the  liglit  ai  any  out  point  • 
lying  behmd  the  weanm  iifmia,  caom 
quently,  npon  the  action  produced  by 
the  interference  of  all  the  rays  emanating 
irom  the  different  poii&ta  of  the  opening 
C  i>  Mid  uBetrng  at  #. 

The  rays  of  light  which  aie  trana* 
mi  tied  from  C  D,  at  right,  angles  to  the 
pening^  will  idways  strengthen  each  other>  eonsequcntly  the  centre 
r  the  image  will  be  bright  howefor,  wa  peaa  om  to  poiiita 
ring  at  the  aide,  the  raya  meeting  here  wiU  not  atrengthoi  eaeh 
then;  the  intensity  of  light  nmst,  therefore,  diminish  laterally 
awards  a  point  at  which  all  the  nya  coming  bom  CD,  and 
leetiag  hate,  will  entira^  deitnqr  eaeh  olher;  haie  we  ahall 
baorva  a  daik  •tripe. 

Still  further  from  the  centre  there  are  again  points  at  which  no 
amplete  destruction  of  the  waves  proceeding  from  CD  and 
aaslingheie  ooeon,  whaae  eonaaqoantly  light  iaagvn  obaorfedi 
a  ihb  aneeaed  daikw  atrqiea  by  wUdi  idl  the  wwvea  of  Vfjtd 
erfectly  destroy  each  other.  The  reason  of  the  hght  and  dark 
tripes  not  coinciding  in  the  differently  coloured  rays  depends  upon 
be  difference  of  the  lengtha  of  their  wavea. 
When  aU  the  diftfeody  eohmred 
Mlaiiee,  we  look  at  the  white  solar  image  through  a  fine 
pert u re  without  the  assistance  of  a  glass,  we  shall  see  a  white 
treak  in  the  centre,  because  here  the  maximum  of  the  intensity  of 
ght  for  all  eohmra  ia  fimnd;  but  the  mde  imagaa  aea  all  ookmicii^ 
bm  being  nowheie  a  perfectly  white  or  perfectly  bladt  stripe  to 
e  seen,  for  where  there  is  a  black  atnpe  for  one  colour^  there  will 
c  a  light  stripe  for  other  colours. 

We  have  hen  only  alightly  touched  upon  the  explanations 
••aisaij!  to  dneidale  the  fdicnomena  of  lefrangibility,  aince  a 

allcr  exposition  of  the  question  would  carry  us  beyond  our  limits. 

The  form  of  the  phenomena  of  reirangibihty  depends  upon  the 

)nii  of  the  apertiuea;  and  ako  ehangea  with  the  number  of  the 
ittor. 

If  two  minute  circular  apertures  in  a  screen  lie  near  each  other, 
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a8  thuB«  4^  we  tiudl  again  see  on  looking  towBida  a  InminoMffflr. 
the  MBDoe  lingi  (Kg.  Sid)  atif  tlimiiwe  only  one  iipertne;ftBe 
rings  appear,  howevw,  to  lie  intoneeted  hy  itnig^  Uadc  ilape 

lying  at  right  angles  to  the  direction  of  the  line  unitmg  c-a^I 
openings.  Theae  black  atripea  alao  paaa  through  the  ceotnl  lipi 
Vot,Fig.812. 

Thk  experiment  dearly  shows,  that  daxkneia  may  ariae  fiwiflr 

combination  of  two  rays  of  light,  or  in  other  words,  that  the  actki 
of  one  ray  of  light  may  be  destroyed  by  that  of  another.  If  tk 
light  enter  oniy  thwmgh  one  hde,  we  ahal  1  nee  the  figorc  repreaeatfj 
in  Fig.  812;aaaoon9]ie(wem,  aaaaeeondapcftrnkadM^W 
•tripes  will  appear  in  the  bright  parts  of  this  image;  here,  4o^ 
fore,  the  action  of  light  produced  by  rap  incident  at  one  aperturs 
will  be  dertrayed  th«k  of  the  xajfi  paiaing  throng  the  «^ 
apefiiue* 

Very  cmriouB  phenomena  are  cibierved  in  tofiering  wUte  fif^to 
pass  through  a  wire  gauze — this  is  exemplified  in  the  frontispiece  n 
Fig.  1,  Plate  I.  In  the  centre  i^pean  the  direct  iniaga  d  tk 
lineofli(^t|  it  ia  whiter  owing  to  tfie  eoniUnation  of  the 
of  all  t]ie  edoiiia*  On  eitlier  aide  of  tliia  fine  ef  fight  an  Wk 
spaces,  to  which  succeeds  a  coloured  band  similar  to  the  prisma-.' 
apectrum,  whose  violet  extremity  ia  tamed  inwards.  After  t 
aeeond  totally  dark  apaee  eomea  anottflr  broad  eolooied  handy  tk 
led  eitremity  of  whiA  toodiea  upon  Hie  violet  eaiieiMily  ef  altai 
coloured  band. 

Fig.  2,  Plate  alao  exhibits  the  phenomenon  observed  throof^ 
aimple  gratingly  whntwo  of  tlieie  are  omied  baihre  the  el^eci' 
glaM  of  a  tdeaoope,  while  we  diieet  it  towards  a  fanninoaafii^ 

The  middle  is  occupied  by  the  white  image  of  the  luminous  poia^ 
while  aroimd  are  a  number  of  priamatic  m^^ff^,  which  all  tss 
their  violet  extremitiea  inward. 

Tery  beantifnl  phenomena  of  lefrangihiKty  are  nnnifeilBi 
seen  through  a  series  of  fine  apertures,  as,  through  a  row  of  fc 
parallel  lines  scratched  upon  a  glass  plate.    To  this  class  bdcai 
the  phenomena  aeen  on  looking  towards  a  luminous  point  ihitngi 
the  ftiather  of  one  of  die  Unda  of  faiidi^  Ae  flnaaa  ft  * 

taper  suffices  to  show  this  with  great  brilliancy. 

If  we  strew  lycopodium  seed  upon  a  glass  plate,  and  W 
throng  it  towards  a  lighted  -taper,  we  shall  aee  a  beantifJ 
areolar  figure eompoaed  of  manj eokmd  rin|^  TUaiaab^ 
phenomanon  ef  refirangibility. 
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CkUoun  of  ikm  pkUes. — Every  transparent  body  appears  vividfy 
oored,  if  ■em  in  tofficiently  thin  pktei^  at  is  wdl  codiibited  in 
ip-bnbUfls.    Tha  tlmt  pieces  of  a  glass  sphere  eocpanded  to 
rsting  before  the  glass-blower's  lauij)  exhibits  itself  in  the 
Mt  dazzling  colours ;  similar  colours  are  observed  when  a  drop 
qH  (aa  oil  of  turpentine)  ia  spread  over  a  surface  of  water;  €ft 
len  a  glittnng  piece  of  metal  heated  in  the  fire  ia  gradoally 
vered  with  a  coating  of  oxide  (in  the  annealing  of  steel).  Thin 
.'CTfi  of  air  produce  such  colours  as  these^  as  may  be  often  seen 
t  he  flawa  in  somewhat  thick  masses  of  glass. 
Tfaeae  oolonrs  are  fflrWhited  with  the  greatest  regnkrity  in  the 
FIG.  315.  ftrm  of  rings,^  if  we  lay  a  glass  lens 

of  great  focal  length  upon  a  plate  of 
glass,  or  the  plate  of  glass  upon  the 
lens.  Newton,  who  observed  these 
eoloued  rings^  which  are  commonly 
termed  Newton's  rings,  used  lenses 
whose  radii  of  curvature  amounted 
from  16  to  ao  metres.  Where  the 
plate  of  glass  tonehea  thelena,  we  see 
by  reflected  light  a  black  spot  sur- 
roiinded  with  coloured  concentric 
np^  becoming  nanower  and  fiunter  towaida  the  outer  eilgeB,  aa 
« in  lig.  815. 

If  we  look  at  the  rings  through  a  monochromatic  glass,  we  only 
»  alternately  bright  and  dark  rings*  These  rings  are  broader 
NT  red  than  fior  green  li^^  and  narrower  for  violet  than  £or  greeo. 

instead  of  eoloared  we  use  wUte  li^t,  we  shall  not  be  aUe  to 

ee  a  thoroughly  white,  or  a  thoroughly  black  ring,  because  neither 
be  light  nor  the  dark  rings  of  the  different  colours  coincide ;  we 
ee  eoioun  throughout^  which  inatead  ai  being  the  pure  huca  of 
he  speetnun  are  mixed  cokmnu 
lliese  phenomaia  of  colour  may  be  e]q>lained  in  the  following 
uanner : 

If  rays  of  light  fall  upon  any  lamina  of  a  transparent  body,  th^ 
fill  be  reflected  partial^  at  ite  nffpat,  and  partiaUy  at  ito  lower 
tahee,  and  the  rqra  oif  light  reflected  from  the  two  snr&ees  will 

*  The  ring  system  is  most  beautifully  cxliibited  in  several  uni-  and  bi-a\al 
TysUls,  and  for  the  sake  of  more  striking  iUustration  of  these  phenomena,  we  have 
nven  coloured  represeatatioos  of  the  appearances  manifested,  which  will  be  found  iu 
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va^aekn,  aOnr  clflrtrojbig  or  •trengthemng  eMih  o4lier,  oeeoidkig 
to  fiw  difceooe  of  the  p«dM  whidi  titay  hm  traiv^^  > 
Lai  m  consider  this  more  closely.    In  Fig.  316,  M  N  OP 
Fie.  316.  represents  a  thin  lamina  of  a  transparent 

body  on  which  a  pencil  of  parallel  rays 
ab  impinges^  this  pencil  of  rays  will  bo 
partially  reflected  in  the  diieetwii  b  €,  and 
partial^  refiaoted  towards  d.  But  the  re- 
fracted rays  will  tmSet  a  second  separation  at 
the  surface  O  P ;  the  reflected  portion  will 
emerge  at  e,  in  the  same  direction  as  the 
pencil  of  light  reflected  at  the  first  surface 
if  Ay  consequently  both  pencils  of  light, 
h  c  and  ef  will  interfere. 

But  bow  biqppciia  it  that  only  thin  lamina  eiliibit  aooh  eokmra 
as  theie^  while  plaftea  of  some  thidkness  do  not  manifest  them  ? 
Let  ns,  for  the  sake  of  more  easy  concession^  assume  that  the 
waves  of  light  in  violet  rays,  are  half  as  great  as  those  in  red 
rays ;  (they  are  actually  somewhat  beyond  half  as  great),  then  the 
diameter  of  the  violet  rings  will  be  the  half  of  that  of  the  red 
ns^l  at  the  place  where  the  first  dark  ring  for  red  li^t  ia 
dtinled,  there  will  be  also  the  second  dark  ring  for  violet  light,  and 
one  Ki^t  zing  for  a  ookmr  lying  nearly  in  the  middle  between  Um 
red  and  the  yiolet;  this  colour  is  decidedly  predominant  at  this  spot. 

Where  the  seventh  dark  ring  for  red  light  occurs,  there  will 
be  the  fourteenth  dark  ring  for  violet  light ;  at  this  spot,  there 
will,  therefore,  still  be  six  dark  rings,  and  seven  bright  rings  for 
the  intermediate  colours.  If,  therefore,  the  caLtreme  red,  the 
boondaiy  between  red  and  orange,  between  orange  and  yellow, 
yoDow  ud  green,  green  and  bhie,  bine  and  indigo,  indigo  and 
victo,  and  the  extreme  violet  be  at  the  minimum,  the  intormediata 
rays  of  red,  orange,  yellow,  green,  blue,  indigo,  and  violet  will  be 
at  the  maximum ;  no  one  of  these  colours  can,  therefore,  predo- 
minate, and  combined  they  will  yield  white. 

By  transmitted  light,  thin  plates  also  show  similar,  but  far 
£sinter  colours,  which  are  oomplementaiy  to  those  exhibited  b;^ 
reflected  lig^t. 

Polarigaium  Ligki. — ^If  we  cut  from  a  transpsreat  ajstal 
of  tourmaline  a  plate  whose  surface  runs  parallel  to  the  principal 

axis,  and  if  we  look  through  it  towards  a  polished  plate  reflecting 
the  light  of  the  sky  towards  the  eye  at  an  angle  of  from  SO* 
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10^      piiiiiihdl  Mffaee  wOl  appev  brig^  or  daA,  mmn&mg 

re  turn  the  section  of  the  tourmaline ;  it  will  not,  therefore,  in 
V  position  suffer  the  transmission  of  the  rays  reflected  from 
ptate.  The  pencil  of  light  muity  thmfbrey  hg  ka  reflexion 
II  the  poUahfld  phte^  hm  ndo^oiie  •  pcediHr  mo^Amtion, 
A  we  darignato  hf  liie  tarm  |whr<iig|twt. 

Fio.  317.  If  we  had,  under  similar  circum- 

^y^^  atancea,  examined  the  rays  reflected  firom 
the  i^aaa  plata  witk  tha  plate  of  tooni^ 
/j^  linOy  we  ahoaU  haive  obaerved  die  aame 

^  .  phenomenon,  consequently  rays  of  light 

are  polariied  by  reflexion  from  a  glaaa 

 .  i» 

nufiMa> 

h  Tbo  tmimaUiie  plate  nij  be  iqila^ 

by  a  glass  mirror. 

If  an  ordinary  ray  of  light  a  h  fall 
upon  a  plane  glaaa  plate  fg  hi  9X  wa. 
aiie^  of  88^  86%  it,  ftr  the  moat  part, 
becomes  reflected  in  the  direction  b 
ording  to  the  usual  laws.  The  ray  reflected  in  the  direction  b  c, 
aow  fokrized  by  thia  reflection.  These  phenomena  can  be 
t  obacmd  whoi  die  nurtor  fgkiu  bbdcened  on  Ae  mem 
e,  ior  beddee  Ae  rays  polariied  by  refleetioii,  aonie  oomnig 
ni  objeeta  under  the  mirror  are  also  transmitted  in  the  direc- 
nb  e,  and  which  have  passed  through  it. 
if  Ihenqr  t  pokriaedhj  leflectiopj  M  upon  a  eeeend  f^aw 
Uif  fikewiae  bhduned  upon  die  refene  aide,  and  peialM  te 

i  under  one,  the  ray  b  c  will  also  make  an  angle  with  it  of 
and  the  plane  of  reflection  of  the  upper  mirror  coincide 
k  that  of  the  lower  one.  In  thia  podltioa  erf  the  aeeond  mimr, 
iny  beu  reflected  like  e?eryofdinary  ray  of  light ;  if,  hawmmr, 

tm  the  upper  mirror  in  such  a  manner  that  the  direction  of 
i  ray  A  c  forms  the  axis  of  rotation,  the  angle  made  by  the 

ident  b  c  with  the  plane  of  the  mirror  will  remain  the  same, 
t  the  penlMiam  of  the  two  murfora  wiU  eeaae,  and  the  pfame  of 
ieetien  of  the  upper  mirrar  no  longer  coincide  with  that 

the  lower.  If  now  we  turn  the  upper  mirror  from  its  position 
paralleUsm  with  respect  to  the  other  mirror,  the  intenaity  of  the 
ice  reflected  mya  will  dianiuah  the  more  the  ang^  wUeh  ia 
ide  by  the  plane  of  refleetioii  of  the  upper  mirror  with  that 

the  lower  iucreaaes  until  it  becomes  90^,  or  in  other  words^ 
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until  the  plann  of  reflection  of  bo6h  mirron  are  at  nfjbit  angki 

to  each  other.  In  this  position  the  ray  b  c  will  be  no  longer  reflected 
from  the  upper  mirror,  as  would  be  the  case  if  6  c  were  an  ordinary 
ray  of  light.  By  the  continued  turning  of  the  upper  mirror,  the 
intensity  of  the  reflected  ray  gradually  increaaea,  until  it  again 
attaina  its  maximum  on  the  rotation  amoonting  to  180^.  la 
thia  poaition  the  frfaiiea  of  reflection  of  the  two  mimia  will  a^un 
eoindde.  If  we  torn  it  atill  fiirther^  the  ray  refleeted  to  the 
npper  mirror  will  again  become  fainter,  disappearing  entirely  when 
the  planes  of  reflection  of  both  mirrors  again  cross  each  other, 
consequently  when  the  rotation  amounts  to  270^,  &c. 

An  arrangement  by  which  two  such  mirrors  can  be  used,  and 
fay  which  the  above  deaeribed  experimenta  maj  he  made,  ia  termed 
a  polariaing  appaiatiis*  The  limpleat  arrangement  that  can  be 
adopted,  ia  the  following :  A  minor  bkekened  at  the  bade  ia 
ao  ftatened  to  one  end  of  a  metalUe  or  wooden  tnbe,  that  it 
makes  an  angle  of  35*^  with  the  ana  of  the  tube,  when  all  the 
rays,  incident  on  the  mirror  at  an  angle  of  85",  are  so  reflected 
that  they  pass  through  the  tube  in  the  direction  of  this  axis. 
At  the  other  end  of  the  tube  there  is  a  ring,  whose  axis  corre- 
aponda  with  that  of  the  tnbey  and  which  therefore  admits  of 
being  turned  round  upon  a  plaoe^  at  right  an^ea  to  thia 
■na.  To  thia  ring  ia  fiurtened  a  aeoond  mirror,  blackened  in 
like  manner  as  the  other,  and  also  making  an  angle  of  86^  with 
the  axis  of  the  tube.  By  turning  the  ring,  the  mirror  is  made  to 
revolve  with  it,  and  may  thus  be  brought  into  all  the  positions 
we  have  just  mentioned. 

Such  a  polariiing  apparatus  is,  however,  very  inconvenient ;  and 
that  delineated  in  F^;.  818,  and  rqneiented  at  one  fourth  of  ita 
natond  aiie^  ia  for  better  ui  every  respect*  Two  rode  are  inaerted 
diametrically  oppoaite  to  each  other,  in  the  rim  of  a  stand,  which 
must  be  made  sufficiently  heavy  to  give  the  whole  the  stability 
necessary  to  support  the  apparatus  ;  between  these  rods  there  is  a 
frame  A  B,  enclosing  a  ])()lishcd  glass  mirror.  This  frame, 
together  with  the  mirror,  may  be  made  to  revolve  in  a  horiaontal 
axia  by  meana  of  a  pivot,  by  which  means  the  glass  may  be 
moved  at  will  in  any  poaition  about  the  direction  of  the  perpen- 
dicuhr.  The  mirror  b  genersUy,  however,  phuxd  in  aueh  a  poai- 
tiott  that  ita  plane  shall  make  an  angle  of  85®  with  the  vertical. 
If,  in  this  position  of  the  mirror,  n  ray  of  light  a  b  tails  upon 
it  at  an  angle  of  35",  it  passes  pai*tially  through  the  glass,  (but 
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ibim  we  wed  Mi  take  aay  aeoount),  and  ii  partaiBy  TCdeoled 

vertically  downwards  in  the  direction 
b  c.  This  rejected  ray  is  now  pola- 
riiedy  and  a  vertical  plane  passing 
flnougli  the  Mnoi  m  b  end  ft  e>  is  its 
fHoM  of  polarization. 

At  the  base  of  the  apparatus  there 
is  a  common  mirror^  blackened  be* 
neslih,  and  horiaoiiteUy  plaeed,  on 
which  the  pobriaed  rays  b  e  impinge 
#  rectangularly ;  this  ray  is,  therefore, 
reflected  in  the  same  direction  in 
wUdi  it  eaiiie»  and  psssing  throned 
^  the  pdsriiing  mirror  proeeedsy  in  « 
vertical  direction,  to  the  upper  part  of 
the  apparatus.  The  upper  extremities 
of  the  eohunns  (we  will  not  at  jneaeni 
treat  d  Aa  middle  part  of  the  appa» 
ratus)  have  a  graduated  ring.  The 
zero  of  this  division  is  so  situated  that 
if  we  imagine  a  vertical  plane  drawn 
thiongh  0  and  IW,  it  will  eoineide 
with  the  plane  of  reflection  of  the 
lower  mirror,  and  consequently  with 
the  plane  of  polarization  of  the  lays 
Dlaiiaed  by  it.  Within  this  g;radiiated  ring^  there  is  another  tiwl 
m  he  made  to  revolve,  and  on  which  are  placed  two  eohunns, 
uiuictrically  opposite  to  each  other,  having  between  them  a 
lirror  of  .black  glass^  or  a  mirror  blackened  on  the  back,  which 
I  fostened  in  the  same  manner  ae  the  lower  pdariiingniimri  as 
be  lower  one  is  made  to  revolfe  loond  a  horiiontal  aads,  the 
lackened  mirror  may  easily  be  so  placed  as  to  make  an  angle 
f  dS'^  25' with  the  vertical 

The  revcdving  ling  on  irfneh  the  cofanuns  stand,  slopes  some- 
i^ist  at  the  edges,  lAile  in  the  centre  of  the  anterior  half  of  the 

ing,  an  mdex  is  drawn  upon  the  slope.  A  vertical  plane  passing 
hrough  this  index  to  the  middle  point  of  the  ring^  coincides  with 
he  plane  of  the  reflecticn  of  the  Uadcened  minor.  If  we  tarn 
^  ring  bearing  the  upper  mirroTy  so  that  the  index  eoineidea 

Hie  0  of  the  graduated  lines,  the  planes  of  reflection  of  the 
^pper  and  lower  mirror  will  omicidc.   The  same  will  be  the  case 
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when  the  index  stands  at  180\  If  the  index  stand  at  90^,  as  in  our 
figrure^  or  at  270^,  the  plane  of  reflection  of  the  upper  mirror 
win  form  a  ci^  «iig^  mkh  tlw  plane  of  reflection  of  the  lowor 
minor. 

The  phenenw  cf  nrffiifji  pdaMtum^  wbich  maj  be  obaerved 
by  tbis  apparatus,  are  as  foflowa.   If  both  mirrm  lie  paralkl  to 

leach  other,  if,  therefore,  the  index  of  the  ring  bearing  the  black  glass, 
stand  at  0",  the  upper  mirror  will  retiect  the  rays  impinging  upon 
it  from  below,  and  the  field  of  vision  appear  consequently  clear.  If 
we  torn  the  analysing  mirror  (this  is  the  common  term  for  the 
upper  mirror)  from  its  position,  the  intensity  of  the  light  reflected 
by  it  will  diminiah  more  and  more  imtil  it  eomea  at  laat  to  0,  when 
theindexwiHetaiidatQO^.  In  thiapoaitioii^therefore,  tbebladtened 
mirror  no  longer  reflects  the  raya  impinging  upon  it  from  beiow,  and 
the  field  of  vision  appears  dark.  If  we  turn  it  still  further,  it  becomes 
gradually  lighter,  and  when  the  index  stands  at  ISCy^,  the  intensity 
of  the  light  is  again  equal  to  what  was  observed  at  0^.  The  light, 
however,  diminishes  again  when  we  turn  the  mirror  beyond  180^, 
and  the  field  of  visum  beeomos  a  seocmd  time  dark  when  the  index 
atands  at  270^* 

It  ia  of  eonne  evident  that  dming  this  rotation,  the  diraetion 

of  the  blackened  mirror  nrast  remain  unchanged  with  respect  to 
the  vertical.  But  in  all  positions,  the  upper  mirror  makes  an 
angle  of  35®  25'  with  the  vertical.  If  without  altering  anything 
elae  in  the  apparatus,  we  change  the  position  of  the  lower  mirror 
with  legard  to  the  incident  rays,  if,  for  instance,  we  pfaioe  it  so  as 
to  msike  an  an§^  of  26^  with  the  vertieal,  those  raya  wiU  readi 
the  upper  minor  of  the  mpgtniBUB  whkk  h«ve  mnde  an  smgfe  with 
die  lower  mirror.  If  we  repeat  the  above  experiment,  we  ahall 
find  that  the  light  reflected  from  the  upper  mirror  is  never 
quite  null.  If  the  upper  mirror  be  so  placed  that  its  plane  of 
reflection  cross  that  of  the  lower  one,  if,  therefore,  the  index  of  the 
lower  division  stand  at  90^,  although  leaa  light  will  be  reflected 
m  thia  position  than  in  any  other,  atiU  sosoe  portion  of  the  rays 
earning  fipom  bdow  will  be  tdleeted. 

We  may  eonchide  from  this,  that  the  raya  reflected  from  die 
lower  mirror  are  only  partially  polarized  at  an  angle  of  25^.  l^e 
more  the  angle,  which  the  rays  incident  upon  the  lower  glass  mirror 
make  with  its  plane,  deviates  from  85°  25',  the  more  imperfect  is 
the  polarization.  The  angle  at  which  perfect  polarization  takea 
pkoe  (vis.  86^  26^  for  glaaa),  is  termed  die  angle  of  polarisation. 
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teUb  wmimm  hsfe  Mi  tlie  property  of  poiiriiiiig  light  by 

oetion ;  we  cannot^  therefore,  use  mirrors  plated  on  the  back 
h  tin  and  quicksilver  for  experiments  in  polarization. 

polarization  of  light  is  explained  according  to  the  undulatofj 
QTf,  m  ib  hypotkeab  Aal  aU  tbe  «adnktk^ 
light  oeeor  in  one  and  the  same  plane,  whilst  the  undulations  of 
ordinary  ray  of  light  take  place  in  every  possible  line  at  right 
ries  to  its  direction. 

DmM§  r^rmeikm. — ^If  we  jdace  a  ihombohedraii  of  loeknd  spar 
m  a  piece  of  paper^  od  wUcb  a  bladi  pdnt  or  line  has  been 

rwn,  we  shall  see  this  point  or  line  double.  If  we  form  a  prism 
this  spar,  we  shall  see  a  double  image  of  every  object  looked  at. 
is  eiperinent  prom  that  eveiy  my  of  light  impiiigiiig  on  a 
■n  of  lednid  qper  b  dinded  into  two  portkms,  wUdi  do  not 

^  the  same  laws  of  refraction^  and  that  this  spar  has  the 
jperty  of  double  refraction. 

If  we  emnine  through  a  plate  of  toiurmaline  the  two  objecta 
n  by  amna  of  the  leebnd  spar,  we  akaU  find  that  both  rays  are 
Iviied,  for  according  as  we  turn  the  phte  of  tourmaline^  one  or 

ier  of  the  images  will  disappear ;  the  plane  in  which  the  particles 
one  ray  vibrate  ia  at  light  anglea  to  the  jdane  of  vibratioii  of 
itof  OeotfierTay. 

ledaad  apar  is  not  Ae  only  doobly  refracting  body;  tim 
operty  belongs  to  all  crystallizable  substances  not  belonging  to 
\^\}\ax  systems  of  crystallisation. 

In  ewjr  doiiUy  refraclmg  erjalal}  tiiere  are  one  or  two  direo* 
M  ni  wUdi  donUe  re&actieti  doea  not  tsike  plaee^  Aeae 

lections  are  termed  the  optical  axes, 

A  development  of  the  laws  of  doable  refraction  would  lead  us 
vend  ow  liiiiita.  If  we  lay  a  my  tUn  plate  of  ctyatalliwid 
ft^nm  upon  tlie  anddle  ende  of  the  polarizing  apparatus,  aeen 
i  Kg.  818,  it  wUl  appear  coloured,  changing  (other  circumstances 
:maining  the  same)  its  colour  with  the  <:H^i*fcyiftgg  of  the  plate. 

If  a  thin  pkte  when  laid  betwen  miirora  cronmg  each  other 
iowa  a  definke  eobar,  tiie  eoloiir  eonipleiBeiitaiy  to  it  will  q^pear 
mirrors  are  parallel. 

These  phenomena  of  colour  arise  from  the  two  rays  into  which 
incident  light  ia  aqparated  (for  aryatals  of  gypsum  are  doubly 
^^^■"Mling)  trafenring  <he  plate  wiHi  eqnd  veloci^  and  intefaing 
^  rrfection  from  the  upper  mirror. 

Plates  of  other  crystals  exhibit  similar  colours  when  made  suffi- 
icQUy  thin. 
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If  we  (mt  a  plate  from  a  doably  fefitMstrng^  crystal^  whose  surfaeb 

is  at  right  angles  to  the  optical  axis,  it  will  show,  when  brought  into 
the  polarizing  apparatus,  or  laid  between  the  plates  of  tourmaline, 
very  beautifully  coloured  rings,  the  formation  of  which  may  be 
eiplaiiwd  in  the  same  way  as  the  colours  of  the  plates  of  gypaam. 


CHAPTER  VL 

CHIMICAL  ACnONB  OF  UOHT.. 

Influence  of  light  on  chemical  combmaiions  and  on  decomfmitions, 
— At  an  ordinary  temperature,  chlorine  and  hydrogen  gases  do  not 
combine  with  each  odier  in  the  dark;  but  as  soon  as  we  give 
admittance  to  light,  the  combination  takes  plaoe^  sbwly  by  simple 
daylight,  but  is  accompanied  with  an  explosion  when  exposed  to 
direct  sunlight.  Chlorine  absorbed  by  water  has  the  power  of  gra- 
dually withdrawing  the  hydrogen  from  it  only  when  exposed  to  the 
action  of  light ;  phosphorus  kept  in  water  ia  converted  when  ex- 
posed to  the  ran  into  the  red  oxide  of  phosphorus.  At  ordinary 
temperatures  concentrated  nitric  add  is  partially  decomposed  by 
light  into  oxygen  and  nitrous  add ;  white  chloride  of  silver  becomca 
first  coloured  violet  by  the  action  of  light,  and  subsequently  quite 
black,  and  a  portion  of  the  chlorine  escapes,  &c.  These  are  only  a 
few  of  the  most  striking  instances,  adduced  to  show  the  influence  of 
light  upon  chemical  combinations  and  upon  decomposition,  and  all 
chemical  treatises  afford  numerous  eiamplea  of  the  same  thing. 

The  influenee  of  light  upon  the  deoompodtion  of  ovganic  anb* 
stances  is  veiy  xemarkable;  fat  instanoe^  it  promotes  tiie  unioii  of 
the  oxygen  of  the  atmoepbere  with  the  carbon  and  hydrogen  of 
organic  substances ;  hence  arises  the  fading  of  vegetable  culouring 
matter  in  light,  especially  in  sunlight ;  the  yellow  coloration  of  oil 
of  turpentine,  and  the  green  hue  of  yellow  guaiacum  on  exposing 
to  light  a  piece  of  paper  dipped  in  a  q^irituous  solution  of  thin 
gum  resm,  &c.  Light  is  absolutely  neoessaiy  to  the  vigorous 
growdi  of  living  plants,  their  perfect  development  being  impoedUe 
in  the  dark,  where  they  soon  acquire  a  dckly  appearance,  and  their 
leaves  and  blossoms  grow  pale.  Plants  reared  in  a  room,  alwaya 
incline  towards  the  windows.  The  green  portions  of  plants  absorb 
carbonic  add  firom  the  air ;  this  carbonic  acid  is  decomposed,  the 
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eutai  mttiiiiBg  m  «  omstituent  of  tbe  pUnta^  whilst  tlie  osygni 
11  agiiD  given  off  to  tiie  almospbere.  Tliii  deeompontioii  of  car- 
bonie  add  and  exhalation  of  oxygen  into  the  air  tidies  place  only 
anderthe  influence  of  light.  "We  may  easily  convince  ourselves 
of  this  fact  by  layinj^  a  fresh  p^rcen  twig  under  a  glass  bell  filled 
with  water  holding  in  solution  carbonic  acid ;  in  the  light  nume- 
fouB  gaa  bobbles  develope  themselves  upon  the  leaves,  and  rise  in 
the  upper  part  of  the  glasa  bell;  the  gaa  thoa  collected  is  carbonie 
acid  gaa.  This  development  of  gaa  doea  not  take  plaee  in  the 
dark,  and  eeasea  aa  soon  aa  all  free  oarbonie  add  ia  removed  from 
the  water. 

The  chemical  actions  of  the  blue  and  violet  rays  are  generally 
much  stronger  than  those  of  the  red.  ? 

Photography, — The  idea  first  occurred  to  Wedgwood  to  avail 
himself  of  the  blackening  of  chloride  of  silver  to  fix  the  jnetorea 
of  the  Gsmra  Ohuwra,  and  Dmy  obtauied  the  imagea  of  small 
olijeeta  on  chknide  of  aOver  paper  by  meana  of  a  aolar  microeoope; 
hut  these  were  soon  efl^Msed  by  the  continnoos  action  of  light  upon 
the  chloride  of  silver.  Niepce  advanced  the  art  of  fixing  these 
photographic  images;  but  it  remained  for  Dagucrre  to  discover, 
after  many  careful  and  laborious  attempts,  a  method  by  which 
almost  incredible  results  are  attained. 

The  substance  on  which  Daguemfn  photographic  images  are 
vqpraaented,  ia  a  copper  plate  ^dnly  oovered  wiUi  silver.  After 
being  Boffidently  purified,  thia  plate  ia  laid  over  a  square  poredain 
dish,  filled  with  an  aqueous  solution  of  ehioride  of  iodine,  and 
exposed  to  the  vapour  of  the  iodine,  until  a  goldish  yellow,  or 
a  violet  layer  of  iodide  of  silver  is  formed  upon  the  sui-face.  The 
plate  is  now  put  into  the  Camera  Obscura,  being  carefully  kept 
fipom  the  light  during  its  removal,  e:iactly  at  the  place  where  a 
well  defined  image  of  the  object  to  be  delineated  appears.  Mt«t  a 
eertatn  time,  the  duration  of  whieh  depends  upon  varioua  drcum- 
alaiieea,  theplate  is  removed  from  the  Camera  Oteira.  Thereis  now 
no  trace  of  an  image  to  be  perceived,  this  appearing  only  on  brinj^* 
ing  the  plate  over  a  metallic  plate  somewhat  warmed,  and  covered 
with  a  thin  layer  of  mercury.  As  soon  as  the  image  is  sufficiently 
well  defined,  the  plate  is  placed  in  a  solution  of  hypo-sulphate  of 
aoda,  or  in  default  of  this,  in  a  boilinp^  solution  of  chloride  of 
aodkim,  by  which  the  eoatbig  of  iodide  of  silver  is  dissolved,  and 
all  fatQua  action  of  li§^t  prevented. 

Light  acta  on  thoM  parts  of  the  iodised  plate  on  whidi  the 
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hfjlA  poKtioDS.  oi  tlie  pietme  in  tlie  Gmm  OUewrm  have  £Uka 
before  the  action  beoomeB  apparent  to  the  eye ;  thna  the  portions 
of  the  plate  which  are  most  exposed  to  light  haye  acquired  the 

property  of  condensing  the  vapour  of  mercury :  here,  therefore,  the 
mercury  is  precipitated  in  infinitely  minute  globules,  whilst  no 
such  precipitate  occurs  where  the  light  has  not  acted.  After  the 
unchanged  iodide  of  silver  has  been  entirely  washed  away  from 
the  Uttt  named  parts,  we  have  a  fine  costing  of  the  precipitate  on 
the  light  porfcionsy  while>  where  the  li^t  does  not  set,  the  shining 
sihered  snrface  appesrs;  and  if  we  hold  the  plate  in  such  a* 
manner  that  the  mirror  reflects  to  the  eye  the  ray  coming  from 
dark  objects,  this  silvered  surface  forms  the  dark  back-ground, 
on  which  the  light  parts  are  produced  by  the  light  scattered  in  all 
directions  from  the  globules  of  mercury. 

If  we  leave  the  plate  too  long  in  the  Camera  Obscvra,  the  action 
of  the  lif^t  becomea  appsxent  upon  the  iodised  plat^  whilst  the 
iodide  of  nl?er  is  blackened  in  those  psrts  where  the  light  acts  ' 
most  strongly ;  the  pictore  thus  produced  is  a  neffoHve  pieiure, 
that  is  to  say,  the  light  parts  of  the  object  correspond  to  the  dark 
portions  of  the  image,  and  vice-versd.  If  we  leave  the  plate  in  the 
Camera  Ohscura  until  the  action  of  light  is  visible  upon  it^  it  is 
then  too  late  to  procure  a  Dagoerrotype  photographic  picture. 

These  pictuies  can  never  represent  the  relationa  between  lights 
and  shadows  wiUi  perfect  accuracy,  owing  to  the  diffnent  aetioB 
of  the  various  colours  upon  the  iodised  plate ;  green  rays  scarcely 
produce  any  action,  on  which  account  trees  always  appear  very 
dark ;  red  rays  likewise  act  very  slightly.  Owing  to  this  circum- 
stance, the  Daguerrotype  portraits  do  not  produce  correct  like- 
nesses of  the  originals. 

Talbot  has  pursued  a  totally  different  method  in  procuring  his 
photogn^hic  pictures.  He  makes  use  of  a  paper  whkk  is  rendored 
pecnlisrly  susceptible  to  li§^t  by  a  process  whidi  we  cannot  flm^ 
ther  describe,  and  which  is  termed  Calotype  paper.  A*  negative 
picture  is  formed  upon  this  paper  in  the  Camera  Obscura,  and 
fixed  by  means  of  bromide  of  potassium. 

This  negative  picture  is  then  laid,  together  with  a  piece  of  simi- 
larly piquued  psper,  between  two  glass  plates ;  the  dark  portiona 
of  the  picture  keep  from  the  second  pifier  the  light  which  acts 
through  the  light  parts^  and  thus  a  positive  jNCtuie  is  formfld 
upon  the  second  paper.  Several  positive  copies  may  be  taken 
from  one  and  the  same  negative  picture. 
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MAONBTISli  AND  BLBCTRICITY. 


PAET  1. 

MAGNETISM. 

CUAPTEB  1. 


e 


MUTUAL  ACTION  OF  MA6NBTB  ON  SACH  OTHBft,  AND  ON 

KAONBTIC  BOMBS. 

Wb  find  ill  Ae  iNNidt  of  tbe  earth  oertam 

proi>€rty  of  Bttraetiiig  iron ;  tbeae  «re  termed  nalurml  mtigneU^ 

le  same  proj)crty  can  be  imparted  temporarily  to  iron,  and  per- 
tinently to  steel,  and  magnets  formed  of  this  substance^  which 
e  termed  artifieial  magnetii^  we  beat  adapted  to  the  inw* 
^giUmk  of  the  laim  of  nsu^iiiietiam  firom  Ae  hoSitf  with  which  a 
itaUe  form  can  be  applied  to  tbcia.  Artificial  magnets  are 
nerally  made  in  the  shape  of  rods,  needles,  or  horse-shoes. 
Magnetic  pokt^ — ^If  we  dip  a  magnetic  rod  into  iron  filingi^  we 
aU  aae  en  rmoring  it,  that  Ae  filaga  will  not  be  eqnally 
upended  to  all  parts  of  the  rod,  they  will  fall  off  immediately  fiom 
e  middle,  where  the  magnetic  rod  does  not  appear  to  exert  any 
duence ;  firom  the  middle  towacda  the  extremitiea  or  poles,  how- 
m.  Hob  pawn  of  attractioii  inereaaea  aa  may  be  aeen  in  Kg,  819^ 

FIG.  319.  One  wodd  be  kd  at 

first  sight  to  suppose  that 


if  a  magnet  were  sepa- 
rated along  ita  neutral  line 
I  (by  a  magnetiaed  ateel 
•re,  for  instance,  with  which  the  experiment  may  be  easily  made) 
'ither  of  the  divided  portiona  would  be  true  magneta^  and  that 
ich  would  attract  at  one  eitremity  only;  caqperboent  pro?ea  the 
Mae howerar,  each  part  bemg  a  perfeetmagnet  having  itanentnl 
ae  and  two  poles. 

X  2 
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no.  320. 


Smilar  poiea  rqtel  eaek  other,  emUrmrp  pokg  attract  each  others 
Fig.  820  repraento  a  magnet  lying  in  a  casing  of  paper  or  meta], 

and  mupended  in  a  horiiontal  poti- 
tion.  If  we  bring  one  pole  of  a 
magnet  near  either  of  the  two  poles 
a  and  b  of  another  magnet,  the  pole  a 
will  be  attracted  while  b  will  be 
repelled.  We  term  the  poles  a  and  b 
opposite  poles^  because  th^  act  in 
difoent  ways  npon  the  ssme  pole 
if  brought  near  them*  If  now  we 
invert  the  magnet  which  we  hold  in  omr  hand,  in  order  to  bring  its 
opposite  pole  to  the  suspended  magnet,  the  reverse  will  take  place, 
a  will  be  repelled  and  b  attracted.  The  two  poles  of  the  magnet 
in  the  hand  are,  therefore,  ako  of  different  natures,  and  are  conse- 
quently opposite.  In  a  similar  manner  we  may  show  that  tiie  two 
poles  ii  every  magnet  are  opposite. 

If  we  bring  two  different  magnets  to  the  suspended  magnet,  it 
wfll  be  easy  to  find  which  of  the  two  attracts  the  pole  a  of  the 
suspended  magnet,  and  repels  b.  If  wc  designate  this  pole  of  the 
first  magnet  as  n,  and  the  pole  of  the  second  magnet  acting  simi- 
larly as  n'f  n  and  n'  will  be  the  similar  poles  of  these  two  magnets. 
If  the  second  pole  of  the  first  magnet  be  m,  and  that  of  the  other 
mf,  the  pole  m  aa  well  as  m'  will  repel  the  pde  a  of  the  soqiended 
magnet,  and  attract  the  pok  The  two  poke  ai  and  ai'  aie 
likewise  similar. 

If  now  we  suspend  the  magnet  whose  poles  are  designated  m 
and  m',  in  such  a  manner  as  to  admit  of  its  turning  readily  in  a 
horizontal  plane,  and  bring  the  other  near  it,  we  shall  find  that  the 
poles  m  and  mf  will  repel  each  other,  as  will  also  the  poles  n  and  n' ; 
similar  poles  consequently  repel  each  other.  While  the  poke  «  and 
n*  and  n  and  mf  being  dissimilar  poles,  attract  each  other. 

Tbere  are,  thmfoie,  in  the  two  balm  into  wbidi  a  magnci  ia 
divided  by  ^e  nentral  line,  two  finces,  which,  although  appearing 
at  first  sight  to  be  of  similar  nature,  from  their  acting  similarly 
upon  iron  are  actually  two  opposite  forces.  The  neutral  line  is, 
consequently,  the  boundary  between  two  opposite  forces,  forming 
the  transition  from  one  to  the  other,  and  herein  lies  the  reason  of 
their  neutral  character. 

From  reasons  which  we  shall  presently  better  understand, 
one  pok  of  the  magnet  is  termed  the  touik  pole,  and  the  other 
the  north  pole. 
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Under  the  influence  of  a  maffnet,  iron  iUeff  becomes  magnetic. — In 
order  to  show  this  property  of  iron  we  must  make  the  experiment 
represented  in  Fig.  821.  Let  an  iron  cylinder  /  be  eapported  hy 
ft  magnet  ab;  if  we  bring  iron  filings  to  tbe  lower  part  of  this 
ej&adiBe,  they  will  continue  sospended  to  it  in  the  form  of  a  little 
Fio.  321.  hanging:  as  long  as  the  little  cylinder  eon- 

j  a     tinucs  to  adhere  to  the  magnet ;  but  as  soon  as 

the  cylinder  is  removed,  the  iron  filings  will  fall 
'  off,  and  no  farther  attractive  force  be  perceived. 
We  cannot  ascribe  this  phenomenon  to  the  force 
of  magnets  acting  at  a  distanocy  for  if  the  small  cylinder  ivere  not 
of  iron  we  should  not  observe  the  phenomeiion ;  of  this  we  shall 
be  still  better  convinced  by  observing,  1.  that  tbe  threads  of  iron 
filings  diminish  gradually  from  the  extremity  of  the  cylinder ;  2. 
that  there  is  a  point  towards  the  upper  end  where  the  filings  do  not 
adhere,  consequently,  that  the  small  cylinder  has  a  neutral  magnetic 
line ;  8.  that  the  filings  adhere  again  above  this  point,  but  that 
they  have  an  opposite  direction.  The  little  ^linder  is  there- 
fore a  real  magnet,  attracting  iron  fiUngSy  having  two  poles  and  a 
neatral  magnetic  line ;  the  latter,  howeveri  does  not  ccnndde  with 
the  geometrical  middle. 

Instead  of  bringing  iron  filings  to  the  sus|>ended  cylinder,  we 
may  attach  to  it  another  cylinder  (as  in  Fig.  322)  which  will 
n«  322.  ^  supported,  to    this  a  third,  fourth, 

J  and  so  on ;  in  this  way  a  chain  may  be  formed 
of  which  the  magnet  is  the  first  link.   If  we 
remove  this  link,  the  whole  eham  will  foil  apart, 
there  being  no  power  to  hold  together  the 
links. 

Magnetic  fluids. — To  explain  the  various  phenomena  of  magne- 
tism, we  assume  that  there  are  two  different  magnetic  fiuid%  distri* 
bated  in  the  magnet  in  a  manner  which  we  must  consider  mm 
partiealarly ;  the  partidea  of  eadi  of  these  fluids  repel  each  other, 
but  attract  tiioae<^  the  other  fluid.  The  magnetic  fluids  are  present 
in  equal  quantities  in  every  moleeule  of  iron  and  steel ;  but  they 
eannot  pass  from  a  magnet  to  a  piece  of  iron,  or  from  one  molecule 
to  another,  the  magnetic  condition  depends  only  upon  the 
manner  in  which  the  magnetic  fluids  are  distributed  in  every 
individual  molecule. 

We  must  suppose  a  magnet,  or  a  magnetised  iron  rod  (as  seen 
in  Fig.  dM)  to  be  composed  ci  small  particles,  eadi  of  whidi 
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contains  both  fluids,  aKhough  in  a  state  of  separation ;  tlie  mag- 
netic fluids  being  distributed  in  each  particle  in  such  a  manner 
—  ««•  that  the  similar  fluid  is  turned 

Fie.  529.  1     .  11 

towards  the  same  side  m  all 
thepartidee.  There  is^  them- 
itxe,  only  one  flnid  present 
at  tiie  left  cxtiemity  of  the 
magnet  represented  in  Fig.  823^  while  the  right  extremity  is  soldy 
occupied  by  the  other;  the  polarity  of  the  magnet  is  thns 
explained.  We  can  easily  understand  from  this  explanation  that  a 
magnet  may  be  broken  into  two  parts,  and  each  separate  portion 
remain  a  perfect  magi 

J£,  therefore,  a  pieee  of  iron  be  magnetiaed  by  the  influence 
ef  a  magnet,  no  magnetic  fluid  will  pass  from  the  magnet  to  the 
iroa,  but  the  approximation  of  the  magnet  will  simply  occasion  a 
distribution  through  the  iron  of  the  magnetic  fluids  which  have 
not  hitherto  been  separated  in  each  molecule,  and  directed  towards 
a  definite  side,  but  distributed  quite  uniformly  over  the  whole. 

Iron  only  retains  its  magnetic  properties  so  long  as  the  con- 
tigoity  of  a  magnet  keeps  the  magnetic  fluids  separated;  on  the 
remond  of  the  magnet  the  eepaxated  flnida  again  oombinc^  and  the 
iron  retoma  to  its  natnnd  condition* 
A  horiaontal  magnet  a  b  snpports  at  one  end  an  iron  mass  /,  the 
weight  of  which  is  nearly  as  great  as  the  magnet  is 
capable  of  supporting.  We  now  bring  another 
magnet  a'  b'  over  ab  m  such  a  manner  that  the 
contrary  poles  a  and  are  turned  towards  each 
other.  If  we  bring  the  second  magnet  graduaUy 
nearer,  in  the  manner  ipedfied^  the  pieee  of  iron/ 
win  fiill  off.  Tlie  two  magnets  combined  camiot 
therefore  support  as  much  as  each  one  separately.  We  may  easily 
understand  the  cause  of  this  ;  for  the  second  magnet  disturbs  the 
actions  of  the  first,  whilst  it  decomposes  the  fluids  of  the  mass  of 
iron  /  in  an  opposite  sense. 

Steel  resists  the  magnetising  influence  of  a  magnet  much  bettei^ 
than  iron,  that  is  to  say,  a  piece  of  steel,  if  it  be  tolerably  laige;,  is 
not  magnetised  so  strongly  or  immediately  by  e(mtaet  with  a 
magnet  as  is  a  piece  of  iron;  and  in  order  perfectly  to  ma^ 
nctise  a  rod  of  steel,  it  is  necessary  that  it  should  be  for  a 
longer  period  in  contact  with  the  magnet,  or  that  the  latter  should 
be  drawn  repeatedly  over  it  in  the  proper  manner ;  when,  how- 
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ever,  steel  is  once  magnetised,  it  does  not  lose  this  property  very 
easily,  but  retains  the  magnetic  character  even  after  the  magnet  has 
been  removed ;  we  may  consequently  form  permanent  magnets  of 
steely  but  not  of  iron. 

PediBctly  hardened  steel  admits  kaat  easily  of  being  magnetiaed; 
but  wlien  onee  it  has  aoqnved  the  magnetie  fmpafij,  it  doea  not 
radily  kiee  it,  When  tempered  steel  loses  its  hardness  by  being 
amtealedj  it  assimilates  more  nearly  to  soft  iron  in  its  relation  to 
magnetism.  Red  hot  iron  is  not  attracted  by  a  magnet,  and  a 
steel  magnet  entirely  loses  its  magnetic  properties  on  being 
heated. 

Besides  iron,  nickel  and  cobalt  may  also  become  magnetic. 
Mtignetk  armahartM* — A  magnet  may  gndnally  km  its  fiwee, 
onring  to  mums  eanses.  To  pte?ent  tldS|  the  so  eslkd  orsNitensi 

•re  made  nse  of :  this  term  is  applied  to  pieces  of  soft  iron,  brought 
mto  contsct  with  the  magnet  in  order  to  preserve  its  power  by 
means  of  the  magnetic  decomposition  going  on  in  the  soft  iron. 
The  following  method  for  thus  arming  magnetic  bars  is  the  best, 
and  will  be  seen  exemplified  in  Fig.  325.  Two  Uke  magnetic  bars 
 r.^.    are  laid  parallel  to  eaeb  other  in  such  a  manner  that 

FIG.  325.  *  .I.  ««  ••■ 

the  north  pole  of  the  one  is  directed  to  the  same  side 
as  the  south  pole  of  the  other,  to  these  are  attached  two 
pieces  of  soft  iron  a  h  and  c  d  in  order  to  complete  the 
parallelogram.  Eacli  of  these  pieces  of  iron  naturally 
becomes  a  magnet  of  itself,  reacting  in  such  a  manner 
upon  the  magnetic  rods  N  S  and  S*,  that  the 
separated  floids  are  fixed  at  the  canespondmg  extre- 
mities. 

Magnetie  needles  and  bars  lying  in  the  direction  of  terrestial 
magnetism  may  be  considered  as  in  some  degree  armed  by  the  earA. 

A  magnetic  battery  is  a  combination  of  several  individual 
magnets.    Fig.  SSi6,  represents  one  constructed  according  to 

wm.  8S6. 


Chulomi^s  plan.  It  consists  of  12  separate  magnetic  bars,  forming 
8  layers  each,  composed  of  4  bars.   The  bars  of  the  middle  layer 
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iirv,  about  2,  5,  or  3  inches  sliofter  than  thoee  of 
tlic  other  layers,  and  project  about  15  to  18 
lines  at  either  aide.  All  the  bars  are  of  exactly 
the  same  dimenaionti  and  are  ^tened  into  pieces 
of  iron  /  aenring  as  armatures.  The  braaa  b«ida 
aerveto  hold  the  loda  and  annatana  togsAer. 
SqcIi  large  magnetie  Imndlea  lemaia  huriioiiiallj 
fixed,  when  made  use  of  for  the  purpose  of 
magnetising.  The  smaller  ones  employed  for 
friction  are  constructed  on  similar  princi- 
ples. 

Fig.  327  r^Nresents  a  horse-shoe  magnet.  It  consists  of  several 
horae-ahoe  shaped  enrved  platea  of  steely  lying  immediately  on  one 
another,  and  lield  together  by  two  aerewa  a  and  a,  made  of  icon  or 
braas.   Each  plate  ia  separately  magnetised^  before  it  ia  used 

for  constructing  the  apparatus.  A  ring  n  n'  serves  to  suspend 
the  magnets,  and  a  piece  of  soft  iron  p  the  anchor,  forms  the 
armature.  Good  horse-shoe  magnets  are  capable  of  sustaining 
from  10  to  20  times  their  own  weight. 

The  armatoie  q£  natural  magneta  ia  mpresented  in  Figa.  828 
and  829.   The  parta  /  and    are  the  um^  of  the  annatar^  and 

ppf  ihs  feet  The  winga  are 
made  nearly  as  broad  aa  the 
magnet,  and  about  one  line  in 
thickness.  The  dimensions  of 
the  feet  depend  upon  the 
strength  of  the  magneta. 

A  remarkable  phenomenon 
ia  obaer?ed  in  natoal  aa  well 
aa  artifieial  magnets,  wbixdi  baa 
not  as  yet  been  satisfactorily 
explained,  we  mean  the  weaken- 
ing which  occurs  on  overloading. 
Let  us  assume  that  a  magnet 
can  bear  20  kilogrammes.  If 
now  we  duty  add  a  small  weighty  we  inereaae  ita  power  of  bearing 
unto  the  load  amount  to  80  or  40  kilogrammea ;  aa  soon,  however, 
as  the  lifter  is  severed  by  the  application  of  too  large  a  weight,  the 
strength  of  the  magnet  diminishes  considerably,  scarcely,  at  last, 
supporting  more  than  20  kilogrammes,  the  weight  from  which  we 
started.   But  if  we  attach  a  smaller  weighty  increasing  it  with 
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mUan,  we  tkmU  ind  tfiat  after  ame  tine  the  magnet  haa 


v  ered  its  former  strength. 
Ji£affnetizati(m  of  steel  needles  and  bars. — ^The  so-called  method 
r  Mpaiatid  toneh,  ia  anaaaged  bgr  j^aeing  two  alraig  budka  of 
sxgnetB,  aae  Kg.  826,  in  adeh  a  mamer  that  the  ana  of  tte  one 

^incides  with  the  line  of  prolongation  of  the  axis  of  the  other,  and 
Mt  the  opposite  polea  are  inelined  towards  each  other,  as  seen  in 
\g»        when  /  iqwaaeoia  the  one  pole  of  one  bundle^  and  / 

the  opposite  pole  ef  the 
other.  The  needle  to 
be  magnetised  is  now 
laid  upon  a  piece  of 
wood  If  to  which  it 
may  be  secured  to  pre- 
itA  being  displaced.  We  now  take  the  two  touching  magnets 
and  each  in  one  hand,  and  holding  tliem  at  an  inclination  of 
Mmt  26  or  80  degreea  towarda  the  horison,  plaee  them  in  the 
uldle  of  the  rod  to  be  magnetised,  moring  them  gently  and 
i^ularly  in  such  a  manner  that  g  g'  simultaneously  reach  the 
ppooite  extremities  of  the  needle^  and  this  process  is  repeated 
pveral  tiniea.  It  will  of  cooiae  be  nnderatood  that  the  teaching 
agrnet  must  touch  the  needle  with  the  same  pole  towarda  which  we 
irect  it.  This  method  is  especially  well  adapted  to  magnetise 
^olarly  and  perfectly  such  magnets  as  are  used  for  compasses,  or 
jed  bare  which  are  not  more  than  4  or  6  millimetraa  in 
iickncss. 

The  double  touch  is  a])])licd  to  prepare  steel  bars  which  exceed  4 
f  5  millimetres  in  thickness ;  in  which  ease,  the  method  above 
BKrtb^  ia  inadtqwatf  to  the  pnrpoae.  The  doable  touch  is  thoa 

PIO.  S31.  managed.   The  bar  to 

be  magnetised  is  laid 
between  two  bundles  of 
magnetSj  which  are 
placed  over  its  centre 
i  tlcscribcd  in  the  former  method,  the  magnets  must,  however, 
e  less  inclined,  forming  only  an  angle  of  ixom  15  to  20  degrees 
ith  the  horiaon.  Besides  thia,  the  frictiona  are  not  made  towarda 
ppoaite  poke,  but  both  magnets  are  moved  towards  one  extre» 
lity  of  the  rod,  and  then  back  the  whole  length.  After  the 
m^cts  have  been  moved  togeUwr  sufficiently  long,  they  are  again 
aiaed  from  the  middle  of  the  rod«   In  cnrdcr  to  manage  thia 
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proccBS  more  conveniently,  we  may  fasten  the  two  rubbing 
mftgnftta  to  a  kind  of  triangle  of  wood  or  brass ;  there  must, 
however,  ^  events^  be  a  tptnoa  of  about  5  or  6  millimetres 
between  the  lower  parts  of  the  magnets ;  tbia  ia  best  effected  fay 
the  insertion  of  a  bit  of  wood,  brass,  or  kad,  as  lepteaented  in  our 
Fig.  at  I 

The  double  touch  communicates  a  very  strong  degree  of  magne- 
tism, but  it  cannot  be  safely  applied  to  magnetise  needles  for 
compaasesi  or  bars  intended  for  nice  experiments,  since  it  almost 
alwaya  gives  poles  of  unequal  strength,  thus  occasioning  successive 
stoppeges* 


CHAPTER  II. 


no. 


OF  THE  MAGNETIC  ACTIONS  OF  THE  EARTH. 

Direeiitm  of  magn/dB,  detikmikm,  indmaium. — A  magnetie  rod 

horizontally  suspended  by  a  silk  thready  or  a  magnetic  needle 
revolving  easily  upon  a  point  in  an  horizontal  plane  (this  needle  is 
generally  made  in  the  form  of  a  rhomboid,  as  seen  in  Fig.  332, 

and  has  in  its  centre  an  agate  cap, 
which  reposes  upon  the  steel  point 
forming  the  pivot)  is  not  in  equili- 
brium in  all  posxtimiflii  but  tal^  a 
definite  position,  directed  towards  one 
definite  point  of  the  horizon.  It  will 
always  return  to  this  position  after  a 
series  of  oscillations  if  removed  from 
it.  The  force  urging  the  needle  back 
to  this  position  is  magnetie ;  since  no 
phenomenon  of  the  kind  is  exhibited 
in  the  case  of  an  unmagnetised 
needle.  This  remarkable  property  of 
magnetism  is  obscr\'ed  everywhere; 
in  all  parte  of  the  world,  on  all  seas,  on  the  loftiest  summits  of 
monntaim^  as  in  the  deepest  mines,  the  magnetie  needle  assumes 
a  deBnite  directioiii  to  whieh  it  wiD  invariably  return  if  removed 
from  it.  There  must,  consequently,  be  a  magnetie  force  whidi 
acta  at  all  pumts  of  the  earth's  burfacc,  for  magnetic  needlea 
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can  no  more  take  up  a  direction  of  themselves  than  a  body  can  set 
itself  into  motion ;  in  both  cases  the  influence  of  some  foreign  force 
is  required.  We  may  prove  by  means  of  a  simple  experiment^  that 
this  directing  force  acts  as  a  magnet,  and  not  as  a  mass  of  iron. 
If  we  entirely  invert  the  poks  of  a  magnetic  needle,  they  vnW  not 
be  in  equlibrinm  in  thidr  neir  pontkm,  bat  will  each  describe 
a  eompiete  aemieircle  in  order  to  zetam  to  the  slate  of  equilibrinm, 
and  reassume  their  original  direction.  The  directing  force  conse- 
quently distinguishes  the  two  poles,  attracting  the  one,  and 
repelling  the  other  like  a  magnet,  whilst  iron  will  equally  attract 
the  poln  of  a  magnet. 

When  we  combine  all  the  different  observationB  that  have  been 
made  in  different  plaeesiy  we  aie  in  troth  led  to  regard  the  earth 
aa  one  great  magnet,  whoee  nentral  line  in  aitnated  in  the  region 
of  the  eqoator.  Hence  we  hare  a  meana  oflfered  ns  of  giving 
htting  terms  to  the  two  poles  of  a  magnet. 

The  two  poles  of  the  great  terrestrial  magnet  lie  in  the  vicinity 
of  the  poles  of  the  earth's  axis,  on  which  account  we  name  the  one 
the  magnetic  north  pole,  and  the  other  the  magnetic  mmth  pok» 
Theae  ecmtnuy  polea  al^aet  each  other  however,  and  thus  a  mag- 
netie  needle  will  torn  ita  aoath  pok  to  the  nmih,  and  ita  norUi 
pole  to  the  aonth. 

This  designation  is  not,  however,  universally  received,  since 
some  designate  the  poles  of  a  magnetic  needle  in  a  totally 
opposite  manner,  giving  the  name  of  north  pole  to  that  pole 
which  turns  towards  the  north. 

If  we  soqpend  two  magnetic  needlea  at  the  same  place  at  aneh  a 
distance  that  they  eiert  no  inflnenoe  on  each  other,  eadi  wfll 
aaanme  a  direction  paralld  with  that  of  the  other.  Thia  pand- 
lellism  does  not,  however,  prevail  for  places  separated  by  the 
distance  of  several  degrees  of  latitude  or  longitude  from  each 
other.  It  is  of  the  greatest  importance  to  be  able  to  determine 
the  direction  of  magnetic  needles,  that  is,  to  compare  them  with 
lines  of  unvarying  position  in  order  to  ascertain  the  variations 
oecnrring  in  the  eonxse  of  time  at  one  and  the  same  place  in  the 
directimi  of  the  magnetic  needle^  and  therelationa  ensting  between 
the  direction  of  magnetic  needles  at  different  places. 

The  magnetic  meridian  is  the  vertical  plane,  we  may  suppose, 
passing:  through  the  line  of  direction  of  a  liorizontal  magnet,  or 
aimplythe  section  of  this  plane  with  the  earth's  sucDbcc.  Themag- 
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netic  meridian  of  a  place  makes  with  the  astronomical  meridian  an 
angle,  termed  the  declination  or  deviation.  The  declination  is  east  or 
we9t,  according  as  the  magnetic  needle  deviates  towards  one  or  the 
other  side  of  the  Mtronomical  meridian.  In  Fig.  833,  for  ingtanee, 
f  n  reprawntB  the  meridian  of  a  place,  md  a  6  the  direction  of  the 
horiinital  magnetic  needk  at  the  same  pkioe.  The  weatem  dedi- 
nation  ammmted  to  W  %T  at  Gdttmgen  m  January  1837. 

We  shall  presently  see  that  the  declination  varies  with  the  time. 
There  are  places  on  the  earth  where  the  direction  of  the  magnetic 
needle  exactly  ocMncidea  with  the  meridian.  At  these  places  the 
declination  is  of  course  null^  or  at  0. 

Every  apparatoa  serving  to  measure  declination  ia  termed  a 
it^imaHm  eompasB. 

Fig.  884  represents  a  compass  of  sunple  construction.  The 

MO.  383.  no.  834. 


point  to  which  the  needle  is  suspended  is  the  centre  of  a  graduated 
horisontal  circle,  whidi  may  revolve  ahout  a  vertical  aads  in  its 

own  plane.  To  the  side  of  the  box  a  telescope  is  attached,  whose  axis 
runs  parallel  with  the  line  which  wc  may  suppose  drawn  from  0  on 
the  graduated  circle  through  its  central  point  to  the  line  marked  180^. 
On  revolving  the  horisontal  circle  in  ita  plane,  the  extremity  of  the 
magnetic  needle  points  towards  oUier  Ihies  of  the  drde.  If  we 
place  the  apparatus  in  sudi  a  manner  as  to  let  the  needle  pdnt  to 
0  of  tiie  sede,  tiie  axis  the  telescope  will  he  psralld  with  the 
needle,  coinciding  with  the  magnetic  meridian ;  but  in  every  other 
position  the  needle  will  point  to  that  number  of  the  circle  mark- 
ing the  number  of  degrees  of  which  the  angle  consists  which  the 
direction  of  the  needle  makes  with  the  axis  of  the  telescope; 
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ji,  tbmlbiey  we  bring  the  telescope  ezaetty  into  the  Mtronomieal 
raeridian,  we  shall  see  on  the  graduated  chvle  the  angle  made  by 

the  magnetic  with  the  astronomical  meridian. 

This  instrument  serves  especially  for  the  measurement  of  angles^ 
since  we  can  at  all  times  make  use  of  it  to  determine  the  angle 
which  the  optical  axis  of  the  telneope  (or  nther  its  horiiontsl 
pontkm)  nukes  with  the  magnetie  meridian. 

Tlie  deelhuilaon  oompass  genenlly  naed  at  aea,  ia  knewn  by  the 
name  of  the  Mminer^$  Compass. 

On  the  whole,  the  direction  of  the  magnetic  needle  inclines  more 
to  the  north  and  south  than  to  the  cast  and  west,  hence  it  is  usual 
to  say  that  the  magnetic  needle  points  to  the  north. 

The  magnetic  needles  we  have  been  considering^  are  suspended 
in  anch  a  mantaer  as  only  to  revohe  in  a  horiiontal  planc^  that  ia, 
aboat  a  vertieal  axia.  In  the  mode  of  anapenaion  represented 
in  Fig.  820^  and  alao  in  Fig.  9dSt,  the  horiaontal  position  is 
maintained  by  the  oentre  of  gravity  of  the  needle  being  below  the 
point  of  suspension.  As  soon,  however,  as  we  suspend  a  magnetic 
needle  in  its  centre  of  gravity,  it  will  not  remain  equi-poised,  but 
will  make  with  the  horiaon  an  angle,  which  is  termed  the 

The  iq[»panitoa  repieacntod  in  Fig.  886,  ia  well  adapted  to  ahow 

no,  835.  no.  336. 


the  inclination  of  the  magnetic  needle.  .In  a  brass  frame,  sus- 
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pended  by  •  tkntd,  iheie  Is  a  liortfoiitBl  axis  a  b,  whidi  movei 
very  readily,  passing  thnmgfa  the  centre  of  gravity  of  the  magnekie 

needle.  We  see  that  a  magnetic  needle  thus  suspended,  can 
easily  move  round  a  vertical  or  a  horizontal  axis,  and,  therefore, 
that  it  can  freely  follow  the  directing  influence  of  the  earth.  The 
needle  places  itself  in  audi  a  position,  that  its  line  of  direction 
coincidea  with  the  magnetic  meridian;  bnt  the  extremity  of  the 
needle  tuned  iowavda  the  norA  dipa;  conaeqnenUy  the  line  of 
direction  of  the  needle  makea  an  angle  with  the  horiaon,  whieh  in 
our  part  of  the  world  amounts  to  about  70^. 

If  the  needle  of  inclination  be  applied  to  a  graduated  vertical 
circle,  whose  planes  coincide  with  the  plane  of  rotation  of  the 
needle,  as  seen  in  Fig.  336,  we  may  ascertain  the  amount  of 
inclination  on  thia  circle^  by  making  the  plane  of  the  vertical 
eirde  caineide  enetly  with  the  magnetie  meridian. 

An  apparatus  aerving  to  meaiore  the  anuront  of  mdmation,  ia 
termed  a  dipping  needle,  or  a  eoa^Mit  of  mdmoHom. 

The  inclination  generally  increases  as  we  approach  nearer  to  the 
north;  in  many  places  the  dipping  needle  assumes  an  almost 
vertical  position;  thus,  for  instance,  in  the  year  1773  Captain 
Phipps  obaerved  at  79^  44^  north  latitude  an  inclination  of  82^  9', 
and  Fancy  an  indinaticfi  of  88P  43'  in  latitude  70^  47'.  Captain 
Eoaa  haa  at  last  reached  the  magnetic  north  pole  of  the  earth.  At 
TOP  6'  N.  lat;  and 268P 14^  E.  long,  from  Gieenwidi,  he  found  the 
inclination  or  dip  to  be  90^.  The  indtnation  of  the  magnetie 
needle  is  so  considerable  in  high  latitudes,  that  the  compass  loses 
much  of  its  practical  utility  as  has  been  shown  in  the  late  North 
Polar  Expedition. 

The  farther  we  advance  towarda  the  aooth,  the  more  the  inclina- 
tion decieaaeai  and  at  the  equator  we  come  to  a  point  where  it  ia 
ahaolntdy  nnlli  where  conaequently  the  needle  of  indination  ia 
perfsetly  horiaonta] ;  aa  we  advance  fbrther  to  the  aonth  we  agam 
observe  an  inclination,  but  it  is  in  an  opposite  direction,  the  extre- 
mity of  the  needle  pointing  to  the  south  being  the  one  that  now 
dips.  This  inclination  increases  likewise  with  the  increase  of 
aouthem  latitude.  In  the  vicinity  of  the  south  pole  of  the  earth 
there  ia  therefore  a  aecond  point  at  which  the  dipping  needle 
atanda  perfectly  vertical^  and  diia  ia  the  aonth  magnetic  pole. 

At  whatever  degree  of  geographical  longitade  we  may  paaa  thia 
equatorial  zone,  we  shall  always  find  one  point  where  the  needle 
will  be  perfectly  horizontal.     These  places  where  there  is  no 
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lie  msgnetic  equator  does  not  coincide  with  the  terrestrial 
i.tor,  or  form  any  regular  circle  of  the  earth's  sphere*  It 
ins  its  greatest  southern  latitude  on  the  Atkntic  Oeean  at 
□it  88^  W.  «f  when  it  is  An  about  l^'  degrees  soath 

lie  terrestrial  equator.  The  two  equators  approadi  eeeh  other 
tlioy  incline  to  the  west,  meeting  at  120^  W.  of  Paris;  here, 
rever,  instead  of  turning  to  the  northern  hemisphere^  it  again 
Lines  to  the  sooth  ahont  W,  of  Pari%  in  otder  to  meh  e 
md  Bontliem  meiimiiiii  of  8^  75^  At  174P  kng.  it  ents  the 
t  strial  equator,  and  remaining  within  the  northern  hemisphere, 
srsects  the  terrestrial  equator  again  at  18^  £.  of  Paris.  The 
BMtic  efoator  has  e  N.  kt.  of  IP  47'  at  68P  &  of  fteis; 
He  it  is  7^4Af9XmP  B.  of  n«s,  and  8P57'  at  18QP  B.  of 
ris.  Tliese  data  will  suffice  to  define,  m  general  terms,  the 
iitioii  of  the  magnetic  equator  and  the  irregularity  of  its 
iraa. 

Ike  total  aetkm  exerted  by  the  earth  upon  a  magnetie  needle, 
simply  directwe,  not  atiraeiive,  since,  if  it  were  the  latter,  a 
ignetic  needle  would  necessarily  weigh  more  than  before  it  was 
ignelised.  If  we  lay  a  magnetic  needle  upon  a  cork  swimmui^ 
water,  it  will  mom  into  the  magnetie  meridiaD,  withoot 
mcing  ai\y  tendency  to  float  towards  the  north  as  we  might 

pect. 

M  we  bring  a  magnet  near  a  floating  needle,  either  attiaetioii 
'  lapvkkm  wiU  oesur,  aeeoirding  to  the  pels  of  the  magnet 

■rest  it;  the  needle  eiAer  approadiing  to,  or  receding 
the  magnet.  Why  does  not  the  needle  move  towards  the 
tfth  magnetic  pol^  if  the  earth  be  nothing  more  than  a  large 
■gnctt  The  leassn  is  this:  the  finee  of  magnetie  attrsetioii 
Iminiihes  with  tiie  disfamee,  as  we  shall  soon  see.  If  we  direst  a 
laguet  towards  the  floating  needle,  the  two  poles  of  the  needle 
ill  not  be  equally  distant  .from  the  pole  of  the  magiet;  con* 
BqncBtly  the  rspnlsife  or  the  attractive  force  most  prepondfr* 
lie,  sad  fcrwstd  motaon  be  prodnced.  The  north  magnetic  pole 
f  the  earth  is,  however,  so  extremely  remote  from  the  floating 
eedle,  that  the  length  of  the  needle  does  not  bear  any  appreciable 
dnqportion  to  the  distsnce,  the  one  pole  of  the  needle  ia^  thesdorey 
s  mach  sttrsetsd  as  the  other  is  rqralsed. 
Fsris^iiMif  of  declmatum  mid  mcUmUum. — ^Ihe  declination,  like 


820        VARIATIONS  OP  DECLINATION  AND  INCLINATION. 

ibe  indhiation,  n  variaUe;  thus,  in  the  year  1580^  tiie  dcdinatiott 

at  Paris  was  11^  8(y  E.^  it  thea  diminished,  and  was  null  in  tbe 
year  1663;  from  tliis  time  the  declination  inclined  to  the  westward, 
increasing  constantly  till  the  year  1814,  when  it  attained  its  maxi- 
mum west,  amounting  to  22f^  d4^,  and  again  began  to  decrease. 

The  inclination  of  the  ntgnetic  needle  at  Paiia  haa  constantly 
dimiwiahed  from  the  year  1671,  when  it  amoanted  to  aboot  75^, 
it  bemg  now  about  67|^* 

These  gradnal  chan^pea  of  dedination  and  indination  m  eifled 
secular  variations;  they  are  not,  however,  the  only  changes  to 
which  the  direction  of  the  declination  is  subject. 

If  we  carefully  observe  the  declination  needle,  we  shall  find 
that  it  continually  makea  amall  oacillations,  moving  alternately 
tnm,  eaat  to  weat  fiom  ita  poattkm  of  equilibrium ;  tbeae  oscilla- 
tiona  are  aometimea  regular  and  periodiod,  aonetnnea  accidental 
and  abmpl.  The  fonner  ate  tenned  tbe  diamal  varaitionay  tbe 
htter  pertmbationa.  In  general,  the  north  end  of  tbe  needle 
continues  its  onward  motion  westward  from  sunrise,  and  beginning 
its  retrograde  motion  about  5  p.m. 

The  amplitude  of  the  diurnal  variational  that  ia,  the  angk 
between  the  eaatem  and  weatem  limiti^  wiea;  being  sometimes 
only  5  or  6  aeeonda,  and  aometimea  amoiuitiiig  to  \  mimite. 

Tbe  indinatkm  is  likewiae  aubjeet  to  aimflar  ▼anationa. 

Tbe  needle  of  dedinatioii  makea  my  atrong  irregular  oacinatioBa, 
amoonting  often  to  more  than  a  degree,  on  the  appearanee  of  an 
aurora  borealis  in  the  heavens. 

Earthquakes  and  volcanic  eruptions  also  appear  to  act  upon  the 
magnetic  needle,  producing  fireqoently  a  permanent  change  in  ita 
poaiiKm* 

m 

InimmiifrfUmttrialmaffiuiitm. — Ifa  needkof  inclination  be 
drawn  oat  of  the  magnetic  meridian,  terreatrial  magnetaam  will 
endeBVomr  to  reatofe  it  to  ita  podtion  of  eqfoilibrram ;  it  ia  only 

on  leaving  the  needle  entirely  to  itself,  that  it  will,  after  a  series  of 
vibrations,  resume  its  position  of  rest.  The  period  necessary  for 
each  one  of  these  vibrations  depends  upon  the  mass  of  the  needle, 
the  strength  of  the  magnetism  developed,  and  likewise  the  force  of 
terrestrial  magnetism.  Thus  the  same  needle  will  vibrate  witb 
more  or  leaa  n^ndity  aeeording  to  tbe  Ibroe  of  tbe  tenestrial  mag- 
netism aeting  upon  HL 

Webave  tbua  a  method  of  oompanng  tiie  feree  of  terveatnal 
magnetism,  as  manifested  at  different  places  ou  the  earth ;  it  being 
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onfy  neeeuaiy  to  observe  the  munber  oaeillatunis  made  in  a 
definite  time  (as  6  minates  for  instance),  in  different  parts  of  the 
earth  by  the  same  needle  of  inclination,  and  by  this  mode  of 

observation  we  may  easily  reckon  how  the  force  of  terrestrial 
magnetism  stands  at  one  placi*  with  regard  to  that  exhibited  at 
another,  for  the  intensities  of  terrestrial  magnetism  are  as  the 
sqioara  of  the  number  of  osdllationB  made  in  an  equal  period  of 
time* 

l%e  observations  made  on  tiie  oscillations  of  a  needle  of  incli- 
nation can  never  yield  very  accorate  results,  and  therefore  the 

experiments  made  on  the  oscillation  of  horizontal  needles  or  rods 
are  preferable.  The  force  causing  the  needle  of  declination  to 
Tibrate,  is  only  a  portion  of  a  horizontal  lateral  force,  itself  but  a 
part  d  the  magnetic  terrestrial  force  acting  in  the  direction  of  the 
needle  of  inclination;  if,  however,  the  honsontal  intensity  and  the 
amount  of  the  inclination  be  known,  we  may  easily  compute  the 
whole  intensity. 

When  the  horizontal  intensity  of  the  terrestrial  magnetism  and 
of  the  inclination  is  known,  we  may  easily  hnd  the  whole  intensity 
by  construction. 

via.  837.  In  Fig.  887,  a  &  is  the  horisontal  intensity.  If  now 
^  2  ^®  malce  the  angle  t  equal  to  the  inclination  observed 
^  '  at  the  same  places  and  draw  a  perpendicular  finom  b, 
j  \  ae  win  represent  the  whole  intensity. 

I     \  If  i  =  0,  the  direction  of  the  terrestrial  magnetic 

;        \     force  will  be  in  a  horizontal  plane ;  this  as  is  well 

I  \  known  is  the  case  at  the  magnetic  equator,  the  hori- 

^  zontal  intensity  being  here  equal  to  the  whole  inten- 
sity. The  horisontal  portion  of  the  magnetic  terrestrial  force 
becomes  larger,  the  nearer  we  approach  the  magnetic  equator;  at 
the  magnetic  poles  of  the  earth,  where  the  needle  of  inclination 
stands  in  a  vertical  position,  the  horizontal  portion  of  the  terres- 
trial magnetic  force  is  null. 

On  comparing  the  results  of  the  observations  that  have  been 
made  on  the  amount  of  intensity  at  different  places  on  the  earth's 
surface,  we  arrive  at  the  following  general  result,  that  the  total 
intensity  is  smsllest  in  the  vicinity  of  the  magnetic  equator, 
increasing  the  further  we  move  away  from  it  towards  the  north 
or  south.  In  the  vicinity  of  the  magnetic  poles  it  is  a]x)ut  1,5 
times  greater  than  at  the  equator.    The  intensity  vanes  also  at 

Y 
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the  same  place,  and,  like  the  declmatiott  aitd  the  incKnitiPBi  ii  « 

subject  to  diurnal  variations. 

Influence  of  terrestrial  magnetism  upon  iron, — If  we  hold  a  rod 
of  soft  iron  from  6  to  10  decimetres  in  length  in  the  direction  of 
the  dipi  it  will  beoome  magnetic  by  the  influoioe  of  terresiml 
magnetumi,  its  lower  end  beooming  a  iouth  pok^  and  its  upper 
end  a  norUi  pole,  aa  may  be  easily  seen  by  bringing  a  small  aensi- 
tive  magnetic  needle  snoeessively  in  the  vieinity  of  the  ends  <tf  the 
rod.  The  same  pole  of  the  needle  is  attracted  by  the  one  end  of 
the  rod,  and  repelled  by  the  other ;  by  which  circumstance  we 
may  at  once  perceive  the  polar  magnetic  condition  of  the  rod. 
On  inverting  die  rod  we  find  its  poles  have  changed,  the  lower 
end  being  again  a  aonth  polc^  and  the  upper  one  a  north  pole. 

The  ssme,  although  aomewhat  modified  action  is  abo  produced 
by  terrestrial  magnetism  on  a  vertically  snspended  iron  lod^  or 
indeed  on  any  iion  rod,  let  the  angle  it  makes  with  the  direction 
of  the  needle  of  inclination  be  what  it  may;  the  action  being, 
however,  less  in  proportion  as  it  recedes  firom  the  direction  of  the 
needle  of  inclination.  Terrestrial  msgnetism  exercises  more  or 
less  strongly  the  same  influence  on  all  masses  of  iron ;  all  soft  iron 
must  therefore  assume  a  polar  magnetism  under  its  infliMaMM^  ss 
may  be  shown  with  more  or  less  distinctnessi  according  to  circum* 
stances.  If  a  rod  of  iron  be  magnetised  by  the  influence  of 
terrestrial  magnetism,  a  few  strokes  of  the  hammer  will  suffice  to 
fix  the  magnetism,  and  therefore  to  convert  the  rod  into  a  perma- 
nent magnet ;  by  striking  the  iron^  a  coercive  force  is  consequently 
imparted  to  it^  which  hinders  the  union  of  those  fluids  that  have 
separated  in  the  iron  by  the  influence  dthe  earth*  We  may  thus 
understand  how  almost  all  tools  in  the  workshop  of  a  loeksmitfi 
become  magnets.  It  appears  that  chemical  changes  act  similarly 
to  mechanical  disturbances  in  fixing  the  magnetism  imparted  by 
the  earth  to  the  iron,  for  we  find  that  iron  rods  after  being  for 
any  length  of  time  in  a  vertical  position,  and  becoming  rusted 
acquire  a  permanent  magnetism.  A  certain  individual,  named 
JuUua  Gssar,  a  surgeon  at  Rimini,  first  observed  in  the  year  1590 
that  an  iron  rod  on  the  tower  of  the  Chureh  of  St.  Augustm  had 
become  magnetic  from  the  influence  of  the  earth.  At  a  subsequent 
period,  in  the  year  1630,  Gassendi  made  a  similar  observation  with 
regard  to  the  cross  on  the  steeple  of  the  Church  of  St.  John,  at 
Aiz,  which  had  been  struck  down  by  lightning.   It  was  strongly 
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;«tod,  tad  had  aD  tiie  propevtiei  <rf  •  magnel.   Binee  dwi  tune 

ixnerons  obaenatious  of  this  kind  have  been  made,  and  it  has 
^xk  ig^eneraily  found  that  iron  which  is  somewhat  riuted,  is 
MrajB  more  or  hm  m^gnrtic. 

On  dipping  s  lionMhoe  magnet  into  iion  filings,  the  latter  wil 

I  iiivgc  themselves  in  a  tuft  between  the  poles ;  if  we  then  moisten 
t  m  with  oil,  and  expose  them  to  a  red  heat  while  they  remain 
Lcler  the  influence  of  the  magnet,  a  partial  oiidation  of  the  iron 

II  taka  plaee,  and  we  dudl  obtain  a  tolerably  compaet  wmm,  the 
m  position  of  which  is  similar  to  that  of  natural  magnets,  and 
[xich  also  will  remain  permanently  magnetic. 

JMmuimiitm  qf  wmgtMiie  force  by  diit4mee4 — Since  we  have  now 
iimt  to  know  tbe  magnetic  action  of  the  eardi^  we  may  alao  invea- 
i^nt^  the  laws  by  which  the  strength  of  magnetic  attractions  and 
[ivilsions  diminish  as  the  distance  increases.  It  will  be  readily 
ideratood  that  magnetic  actions,  like  all  other  actions  emanating 
am  one  pointi  must  atand  in  inverae  lektaona  to  tbe  aqoana 
diatanoe,  that  ia  to  say,  at  2,  3,  or  4  timea  ibe  diatance^  the 
tions  will  be  4,  9,  or  16  times  less. 

When  we  endeavour  to  confirm  this  law  by  expehment^  we 
)»am  vnder  the  peeoliar  difficnltjr  of  being  nmdda  em  to  tiy  the 
petnocnt  on  one  magnetic  pole,  wittoal  baring  to  contend  with 
c  counter  influence  of  the  other  pole ;  we  must,  therefore, 
icieavour  to  make  the  distance  between  the  poles  so  great,  as  to 
«tmy  tbc  diatubiog  inliieiioa  eonreiaed  by  tl^ 

liCt  va  suppose  a  magnetic  needle  ao  suspended  by  a  thread  of 
1  twisted  silk,  as  to  be  able  to  oscillate  freely  in  a  hoi  izuutal  plane, 
hile  it  is  sufficiently  protected  from  disturbing  currents  of  air. 
Iu0  needk  miiat  ba  fint  left  to  oaaillate  under  the  aok  infln 
ii  ijatf iai  magnctknn.  Let  isbethcnmBnberof  oadDatioDaobaerfcd 

in  a  minute,  and  m  the  horizontal  portion  of  the 
magnetic  terrestrial  force  acting  upon  it. 

Let  now  ona  pdc  of  a  highly  magnetised  steel  bar 
act  npon  die  needle.  ISuaetoelfodiatobebranf^t 

into  the  mai;uetie  meridian  of  the  needle  n  «  in  a 
vertical  position,  so  that  the  pole  s  of  the  needle 
ia  to  be  turned  towards  the  pole  iS(  of  the  \m,  on 
which  it  wiD  act  attractively. 

The  bar  N  S  miist  be  so  large  that  the  distance 
8  N  may  be  as .  small  as  possible,  in  comparison 
with  the  diatance  «      so  that  we  may  neglect 
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the  action  of  the  pole  8  aa  9,  wkhoat  oommitting  any  sericniB 
error. 

If  we  designate  by  n'  the  number  of  oscillations  of  the  needle  for 
the  case,  where  the  pole  A^of  the  bar  NS  acts  upon  the  needle  from 
a  definite  distance,  and  call  the  force  accelerating  the  motion  of  the 
oarillatang  needle  f,  we  ihall  hsve,  in  acoordanoe  wiUi  the  former 

Supposing  the  needle,  under  the  sole  influence  of  terrestrial 

magnetism,  to  make  15  oscillations  in  one  minute,  and  41  when 

pole  N  of  the  bar  is  removed^  4  inches  £roni  the  needle,  we 

f  41^ 
shall  have,    yr  =  jg^-. 

We  must  now  remove  tlie  bar  to  twice  as  great  a  diatancei 
ao  that  ^  ia  8  inehea  from  the  needle,  and  then  observe  the 
number  of  oadDationB ;  supposing  we  find  their  number  in  one 
minute  n"^24,  we  shall  have,  if  we  designate  as      the  force 

The  amount  f  is  evidently  the  sum  of  the  terrestrial  magnetic 
lioroe.  and  the  attractive  force  ezerciBed  by  the  pole  at  the 
distance  of  4  inches  upon  the  needle;  Hoe  latter  is;,  therefor^ 
evidently  /  —  /.  In  like  manner,  the  attractive  force  eierciaed 
by  the  rod  at  a  distance  of  8  indies  upon  the  needle  ia  —  /. 
By  the  combination  of  the  two  latter  equations,  we  shall  have  the 

/V  /   1466 

Mowing  resuH : 

This  experiment  shows,  therefore,  that  the  attractive  force  of  a 
magaetic  pole  acta,  with  nearfy  four  times  less  intensity  when 
removed  to  twice  the  distance. 

W^^er  has  indirectly  proved  the  truth  of  this  proposition  by  his 
investigations,  not  merely  on  the  action  of  a  single  pole,  but  on 
that  of  the  whole  magnet  at  greater  distances.  He  has  shown 
that  if  a  magnetic  bar  be  small  in  comparison  with  the  distance  at 
which  it  acts,  the  total  action  of  the  magnet  mnst  diminish  in 
an  inverse  ratio  to  the  third  power  of  the  distance,  provided  the 
action  of  a  single  pole  resUy  stand  in  an  inverse  relation  to  the 
squares  of  the  distance. 

In  Fig.  339,  a  b  ia  &  magnetic  bar,  1  decimetre  in  length, 
no.  339.  whose  centre  is  10  decimetres  from 

^  ,  f    the  point  e ;  the  distance  of  the  pole 

«  ^  b  from  e  is,  therefore,  9,5,  and  that 
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the  other  pole  10,5*^".  If  now  be  a  magnetic  pole^  and  if 
i  dengnate  as  1  the  ibm  with  which  the  pedes  b  and  c  wmild 
braet  each  otiher,  supposing  them  to  be  1^  from  one  another^ 

e  afttaetife  ftroe  will  be        =         if  die  altraetiiig  so- 

m  of  the  pole  stand  in  an  inverse  relation  to  the  aqnaies  of 
■tsnee.   Tram  the  same  data,  the  vahie  of  the  iqndsife  aetioD 

the  poles  b  and  e  is        =  TI^25'  ^       aetion  eisrassd 

f  the  magnet  a  b  upon    is  therefore, 

1  1  20 

90,25      110,25  9950' 

If  now  we  remoye  the  magnet  to  double  the  distance  of  c,  that 
,  if  wc  place  it  in  soeh  a  manner  that  the  middle  is  20**  from  e, 

le  distance  b  c  being  equal  to  19,5,  the  distance  a  c  will  be 
)>5'*"*,  and,  consequently^  the  total  action  of  the  magnet  will 
» as  follows: 

Ji  1__  1  1  40 

19,5^     20,5-  —  380,25      420;i5  159800* 

If,  therefore^  we  move  ihe  magnetie  bar  to  a  distaaee  ci 
V^,  instead  of  10^  only,  its  action  must  diminisb  in  the 

^"^'^  9^^     1598Qtf  V^^'^^  ^®  action  of  each  sqia- 
ite  pole  stand  in  an  inverse  relation  to  the  sqpism  of  distance. 
,  20        40         1        2         1B980      q     ^    ,   , , 

nt  •    =   •    =   ss  8.   at  nnwhlA 

9950  *  159800     995    15980       1990  ^ 

le  distance,  the  total  action  of  the  magnet  is  8  times  weaker^ 
id  8  is  the  third  power  of  2. 

What  we  have  shown  here  by  particular  examples,  may  also  be 
jnerally  proved,  as  it  admits  of  a  general  proof  that  the  total 
^tion  of  a  magnet  mnst  be  in  an  inverse  ratio  to  the  third  power 
rthe  dntanee,  if  the  action  of  one  single  pole  stand  in  an  inverse 

:lation  to  the  squares  of  the  distance. 

We  will  now  adduce  an  experiment,  by  which  the  total  action  of 
magactic  bar  is  shown  to  be  as  the  third  power  of  the  distance, 
nnrided  the  magnet  be  smsH  in  oompariscm  with  this  distance. 

A  bar,  I"  in  lenprth ,  and  divided  into  half  decimetres,  must  be 
)  laid  that  its  direction  may  be  at  right  angles  to  the  magnetic 
^^cndisn.  A  smsll  compass  is  then  placed  in  the  middle  as 
^presented  in  Kg.  840i  The  needle  of  this  compass  will  stand 
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at  0,  if  the  magnetic  terrestrial  force  be  the  only  one  acting  upon 
it.   If,  however,  a  magnet  be  laid  sideways  upon  the  rod,  the 

Fi«.  340. 

JV 


needle  will  be  turned  aside ;  and  then  this  deviating  force  will 
be  proportional  to  the  tangent  of  the  angle  of  deviation. 

Let  OB  now  lay  a  magnetic  bar  1*"°  in  length,  in  such  a  manner 
(as  seen  in  Fig.  840)  that  its  middle  may  be  46®*  firom  the 
middle  of  the  compasB.  In  mich  an  experiment  the  deviatioD 
win  amonnt  to  11 

If  the  nia^ietic  bar  n  *  be  now  placed  in  such  a  manner  that 
its  centre  is  30^""  from  the  centre  of  the  compass,  the  deviation 
will  amount  to  85^^ 

The  distances  here  are  to  each  other  as  80  to  45,  or  as  2  to  3 ; 
the  tangents  of  the  angles  of  deviation  mn8t,thereforey  be  as  2^  to8^ 

27 

or  as  8  to  27;  and  here  we  shall  have  -g-= 8,875. 

But  the  tangent  of  114^=0,2034,  the  tangent  of  351^  =  0,7115, 

and  ^'^^  =  8,49;  the  tangent  of  the  angles  of  deviation  are, 

therefore,  very  nearly  as  8  to  28,  or  as  the  third  powers  of 
the 
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CHAPTER  I. 

f 

OF  BLlOmCAL  ACTIOirS. 

Tfiere  are  bodies  which  by  friction  acquire  the  property  of 
Utractiny  light  bodicM. — We  may  easily  eanvinoe  oonelyes  tkttk 
lodiee  in  their  ordinaiy  eonditioii  do  not  poeaeia  the  property  of 
ittracting  light  bodies^  as  gold-leaf^  Mwdntt^  paper-cuttings^  balls 
»f  tiic  })ith  of  the  elder,  &c. ;  but  if  we  rub  a  glass  rod,  or  a  piece 
jf  folphor,  or  aealing-waiL,  or  amber,  &c.,  with  a  woollen  or  silk 
wtm.  S41.  anbstttieey  theae  bodies  will  immediately  aoqnixe 
tfiis  remarkable  property.  This  attractive  force 
is  so  great,  that  even  at  the  distance  of  more 
than  a  foot,  light  bodies  are  drawn  towards  the 
Mraeling  body  (Fig.  841).  The  cause  of  this  phenomenoii  is 
!alled  Electricity, 
We  may  make  use  of  the  electrical  pendulum,  (represented  in 

Fig.  342),  in  order  to  ascertain  whether  a 
^  body  will  become  deetrical  by  friction.  This 

apparatus  oonrists  of  a  small  ball,  made  of  the 
pith  of  the  elder,  and  suspended  to  a  line 
linen  thread.  If  we  would  test  a  body,  we 
biing  it  towaxds  the  baU ;  if  it  be  nofc  attiieled^ 
it  is  either  non-deetric^  or  too  sli^^tly  deetnc 

to  produce  any  effect. 


\^        \  By  the  aid  of  the  electric  pendulum,  it  may 

be  shown  that  all  resins,  aniber,  solphnr,  and 
^lass,  beeome  strcmgly  electric  by  friction;  the  precioas  stones, 

wood,  and  charcoal,  seldom  give  the  slightest  indications  of 
attractioQ ;  metals  do  not  appear,  at  first  sight,  to  admit  of  being 
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made  electric,  for  we  do  not  perceive  the  least  trace  of  attraction  in 
this  apparatus  on  forcibly  rubbing  a  metal  rod.  All  bodies  thus 
fall  under  two  great  classes ;  that  is,  such  as  become  electric  by 
friction,  and  such  as  do  not  thus  acquire  an  electric  conditkMU 
The  former  we  term  idiodeetrici  the  latter  andectric  bodiei. 

This  dmrion  is  foonded,  however^  upon  an  enoneooa  ^km, 
for  it  has  been  found  that  all  bodies^  even  metals,  can  be  made 
electric  by  friction,  and  although  we  may  be  unable  in  many 
bodies  to  perceive  any  trace  of  electricity  from  friction,  the  cause 
depends  upon  other  circumstances,  of  which  we  shall  soon 
treat. 

Condueton  and  non^conducton. — It  was  formerly  supposed  that 
the  bodies  designated  by  the  term  aneleetric,  could  not  by  any 
means  be  brought  into  an  electric  condition.  In  1727,  experi- 
ments were  made  with  a  glass  tube  open  at  both  ends  on  this 
subject  by  Gray,  an  English  natural  philosopher.  He  wanted  to 
see  whether  it  would  become  electric  if  closed  up  at  both  ends 
by  a  cork  stepper.  At  that  epoch  science  was  so  little  advanced, 
that  eiperimenta  were  made  at  random,  there  being  neither 
hypotfaois  nor  theory  by  which  to  conduct  the  course  of  investip 
gation.  To  his  great  astomshment^  Gray  found  that  the  stoppers 
themselves  had  become  electric,  although  cork  belonged  to  the 
substances  reckoned  anelectric.  A  metal  wire  passed  through  the 
cork  became  electric,  independently  of  the  length  at  which  it  was 
used;  having  successively  carried  the  electrical  rod  to  the  first, 
second,  and  third  stones  of  his  house,  and  let  the  metal  wire 
descend  to  the  ground.  He  rubbed  the  glass  tube,  while  a  £nend 
brought  hght  bodies  to  the  lowor  end  of  the  wire^  on  which 
they  were  instantly  attracted  by  it.  It  follows  from  thence,  that 
metals  have  the  property  of  assuming  and  imparting  to  other 
bodies  an  electric  condition.  The  same  property  is  possessed, 
however,  by  all  anelectric  bodies,  and  hence  they  have  been 
tenned  eondueton  of  electricity.  Idioelectric  bodies,  on  the  other 
hand,  are  rum-etmduetan ;  for  when,  by  finctkm,  we  make  <me  end 
of  a  glass  tube  electric,  the  other  end  exhibits  no  trace  of  attnie> 
tion. 

We  may  ea^iily  demonstrate  this  fundamental  truth  by  the  aid 
of  an  electrifying  machine,  of  which  we  may  make  use  to  develop 
electricity,  without  knowing  the  principle  of  its  construction.  The 
conductor  of  the  machine  is  a  metallic  body,  which  is  made  electric. 
If  we  bring  in  contact  with  the  eondactor,  when  in  an  deetrified 
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KidBtiaii^  ft  mebl  wire  fugpended  by  ft  nlk  thmd^  or  better  stfl!, 

ue  cylindrical  metal  body  standing  on  a  glass  pedestal,  the 
ial  will  be  electri^d  through  its  whole  extent ;  as  800D»  how- 
ar,  aa  it  be  eonneeted  with  the  earth  hf  meana  cf  any  good 
ndiietor,  all  ita  eleetrieity  will  inatantly  disappear. 
From  this  it  follows  that  silk  threads  and  glass  rods  are  non- 
odttctors  of  electricity  insulators.    A  conductor  of  electricity 

tbercCDN^  oiDly  remain  eleetrie  aa  loDg  aa  it  ia 
immded  by  perfect  non-ecmdacton.  The  air  must  be  an  tfiM- 
iftf  since,  if  it  were  not  so,  electricity  would  be  instantly  with« 
hvm  by  the  atmosphere  from  metals.  Water  and  steam  are 
od  oonductorsiy  eoDseqnentty,  when  the  atmosphere  is  damp  the 
ctrieify  wiD  soon  be  loat^  irtucfa,  in  a  dry  condition  of  the  air 
)uld  have  adhered  to  an  insukted  conductor  for  a  long  period  of 
ae. 

The  hnman  body  is  likewise  a  good  condnctor.  If  we  stand  on 
c  gronndandkyhoUcf  theeondnctarofandeetrifyingmadiine^ 

the  electricity  evolved  from  turning  the  machine  will  immediately 
::ape,  but  if  we  stand  upon  a  bad  conductor,  as  a  piece  of  resin, 
s  whole  body  will  become  electric.  This  eiplains  the  reason  of 
BMlaUie  rod  not  becoming  deetrie  by  firietion  lAen  we  hold  it  in 
e  hand ;  all  the  electricity  obtained  by  the  friction  being  imme« 
itcly  given  off  to  the  human  body,  aud  thence  to  the  ground. 
The  best  insulators  may  become  conductors  if  they  be  covered 
di  condensed  Taponr.  It  ia,  therefeve^  of  the  greatest  import* 
lee  to  the  saccessfel  result  of  electrical  experiments,  that  the 
iss  feet,  resin  rods,  &c.,  used  for  insulating  a  conductor^  should 

well  dried  by  warmth  and  friction* 

Instead  of  dividing  bodiea  into  eondnetora  and  non«eondiictoi% 
)  oaght  more  eorreetly  speaking  to  tem  them  good  and  bad 

nductors,  since  there  do  not  exist  any  absolute  non-conductors ; 
eii-lac,  more  especially  resin,  silk  and  glass  are  the  worst  con* 
leton  we  hav%  while,  on  the  eontrazy,  metals  oonstitote  the  best 
ndnetovB* 

Of  (he  two  kinds  of  electricity. — Let  us  take  a  simple  electrical 
aidulum  (see  fig.  3^)>  whose  nob  is  suspended  to  a  silk  thread* 

we  now  bring  a  robbed  glass  or  shell-lac  rod  to  the  pendnlom^ 
c  pithbaDwiUbestroinglyattraetedi  then  toiidi  the  rod,  and  aft^ 

ihering  to  it  for  some  minutes  will  be  repelled.  This  repulsion 
spends  upon  the  electricity  communicated  to  the  ball  by  contact 
^therod,  foron  toudiingitwith  thehand,  and  then  bringing  it 
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back  to  ili  mtonl  conditkni  it  will  be  again  attneted^  and  vepeUed 
ne.  94$,  after  a  seeondtiniebeing  brought 

into  contact. 

It  follows  that  the  repelled 
ball  is  really  electric  from  its 
being  attracted  by  bodies  in 
their  natural  condition^  provided 
we  make  ehoioeof  eondiutorate 
the  csperimenta.  If  we  take 
two  insulated  pendulums,  one 
of  which  has  been  made  electric 
by  contact  with  a  glass  rod  rubbed  with  silk,  and  the  other  by  a  rod 
of  shell-lac  rubbed  with  fur  or  flannel,  we  shall  perceive  the  following 
remarkable  phenomena.  The  ball  that  has  been  repelled  by  the  glass 
rod  will  be  attraeted  by  the  sheU-lae  rod,  while  the  one  repelled  by 
like  ahell-lac  will  be  attraeted  by  the  g^aaa.  The  eledxicity  efobed 
from  glass,  conseqnenily,  is  not  identical  with  that  etobed  fr 
resins,  since  the  one  attracts  and  the  other  repels. 

These  two  kinds  of  electricity  have  received  the  names  of  vitreoiis 
toid  resinous  electricity.  The  former  is  also  tennsd  positive,  and 
the  latter  negatke.  The  discovery  of  these  two  diffievent  Idnda  of 
electricity  was  made  by  Jkfay  in  the  year  1778. 

Of  the  deetricfimda  mid  ike  natvirel  cimiiHim  efbeHeid — Owing . 
to  Uie  rapidity  with  wbieh  ekctrieity  distributes  its^  tbroogh 
conductors,  it  has  been  concluded  that  it  must  ])e  a  body  endowed 
with  remarkable  powers  of  motion,  and  from  the  laws  of  vitreous 
and  resinous  electricity,  it  has  been  further  assumed  that  there 
must  be  two  electric,  aa  there  are  two  magnetic,  fluida.  When 
these  two  fluids  are  united  in  one  body,  and  when  they  mntoalty 
neutralise  each  other  in  that  body,  the  body  is  in  its  natural  eon* 
dition.  If,  however,  the  two  electricities  are  decomposed  in  n 
body,  it  will  become  electric,  positively,  if  the  vitreous  electricity, 
and  negatively,  if  the  resinous  electricity  predominates.  There 
exists,  however,  an  essential  difference  between  the  electric  and 
magnetic  fluids ;  the  latter  being  as  it  were  enclosed  in  the 
magnetie  particles,  while  the  eleetrie  floid  can  paM  fredyfinm 
one  body  to  another. 

If  deetridty  be  given  off  by  friction  in  a  body,  — •  eleetricily 
must  be  developed  in  an  equal  degree.  We  may  show  this  by  a 
simple  experiment.  If  we  rub  together  two  discs  of  different 
substancesy  which  are  insulated  by  glass  rods,  they  will  exhibit  no 
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¥iQ,  344.  trace  of  electricity  so  long  as  they  rest  on  each  other ; 

tas  soon,  however,  as  they  are  separated,  the  one  wiU 
lively  so  nd  in  m  equal  degree.  TkoM  eipeiiBwnt  ii 
best  exemplified,  where  one  disc  is  of  glass  and  the  other 
of  some  wood  covered  with  leather,  which  has  been 
nibbed  ofer  wifli  amalgam.  Wemqralaotakediaeaef 
any  eAer  anbalaiieey  awdi  aa  reab,  metal,  fee.,  eovering 
them  with  different  materials  to  vary  the  experimenti 
for  instance,  with  cloth,  silk,  paper,  &c« 
8iiioa  a  bodjr  in  ila  natnnl  eondition  eentama  both  deetricitiea 
eqwd  quantities,  thtoe  is  noieaaon  to  suppose  that  it  is  disposed 
take  up  and  retain  either  kind  in  particular ;  it  may,  therefore, 
^me  positively  or  negatively  electric,  according  to  the  substance 
ttb  whidi  we  rub  it*  Glass*  for  inatanee.  iioailivel¥ 
aetrie  when  nibbed  witli  wool  or  silk,  and  negatively  so,  wlien 
ibbed  with  cat-aldn.  In  order,  therefore,  to  designate  the  fluids 
stinctly,  we  must  thus  express  ourselves.  Positive  or  +  eleo- 
ieity  is  that  kind  of  electrici^  atmiNl  by  g^aai^  on  the  ktter 
Rttgnibbed  with  wool  or  silk;  nagatife  or  ~  eleotrieity,  on  the 
illtrary,isthat  kind  developed  by  resins  rubbed  \\ith  cat-skin,  wool 
'  silk.  If  we  suppose  a  list  of  different  bodies  to  be  so  drawn  up, 
lat  each  one  when  rubbed  with  all  those  succeeding  it  becomes  poai- 
v%  a  +  deetiio,  we  ahaU  soon  feassA  hoBw  the  smallest  ehange  of 
Komstances  alters  the  order  of  this  series.  A  change  of  tempera* 
u-e,  for  instance,  may  oblige  us  to  move  the  body  upwards  or  down- 
srdsin  the  series.  The  same  action  ia  often  produosd  by  maldag 
lesmftseef  abodyroo^iarorsniootlicr.  Theeoloiiry  theamnge- 
iwt  ef  the  molecules  or  fibres,  or  simply  a  more  or  less  strongly 
^plied  pressure  may  produce  simdar  phenomena.  A  black  silk 
band,  for  instance,  will  be  negatively  clectiified  when  rubbed 
ith  a  white  silk  riband.  Bven  on  mbUng  two  pieees  of  the 
Aiad  crosswise  together,  the  one  nsed  for  rubbing  will  beeome 
Oiitively  electrified,  and  the  other  negatively  so.  Again,  on 
ibbing  a  polished  glass  disc  upon  a  ground  glass  diM^  tbqf  will 
kewise  beeoBM  o|»poeilely  eteetric^  fte. 

fmmumtmHm  of  efaslrMiy.— Free  deetrieity  may  pass  from 
tte  body  to  another,  as  well  by  immediate  contact  as  at  great 
istances,  the  eonununication  depending  upon  the  capacity  of 
^  hody  lor  eondnetmg  cketrieity  and  the  amonnt  ef  ita 
Qibes» 
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On  being  brought  into  contact  with  an  electrified  body,  bad 
conductors  only  take  up  electricity  at  the  place  of  contact  without 
its  being  transmitted  over  their  whole  extent.  If,  on  the  other 
hand,  we  touch  an  electrified  insulator,  it  will  lose  ita  electricity 
only  at  the  spot  touched^  the  Temainder  of  ita  aoiiaoe  rnitiiiiiing 
electric  aa  before.  Thia  may  be  eaaily  aeen  by  meana  of  a  nibbed 
piece  of  aealing^wBi;,  or  a  glaaa  rod.  The  caaeia  very  different  with 
good  conductors.  When  touched  at  one  point  by  an  electric  body, 
the  electricity  will  be  difinsed  over  the  whole  conductor,  and  if  we 
briiip;  an  insulated  electrified  conductor  into  contact  with  the  earthy 
it  will  immediately  lose  ita  electricity. 

Electricity  may  also  paas  from  one  body  to  another  withofot 
immediate  contaeti  and  here  we  remark  the  eitraordinary  pheno- 
menon of  the  dedric  spark*  On  bringing  a  metal  rod  or  one  of 
the  knucldea  near  a  mbbed  glass  or  shell-lac  rod,  we  see  a  brightly 
shining  spark  emitted,  and  hear  a  crackling  noise.  If  the  elec- 
trified body  be  an  insulated  metal  of  considerable  surface,  as  the 
conductor  of  the  electrifying  machine^  the  sparks  vriW  be  more 
vivid,  passing  under  some  circumstances  to  a  distance  of  l^inchea; 
their  light  will  then  be  daaslingly  brighti  and  thenoiae  aooompany* 
ing  them  very  loud. 

Otto  wn  Ouericke,  the  inventor  of  the  air-pump,  was  the  first 
who  obser\'ed  electric  sparks.  Subsequently  Dufay  proved  to  the 
astonishment  of  every  one,  that  they  might  be  drawn  from  the 
human  body  as  from  the  conductor  of  a  machine. 

To  make  this  experiment,  we  must  stand  upon  a  piece  of  resin, 
or  a  atool  with  glaaa  lega  (an  inanlated  atool),  and  bring  onr  body 
into  contact  with  the  conductor  of  the  machine.  On  turning  the 
machine  we  shall  be  conciona  of  a  pecnliar  sensation  upon  the  skin, 
especially  the  face,  like  as  if  we  were  entangled  in  a  web.  The  hair 
on  the  head  will  stand  on  end.  If  now  the  electrified  human  body 
be  brought  into  contact  with  an  insulated  conductor,  as  another 
person  fm  instance,  and  the  latter  advance  the  knuckles,  a  apark 
will  be  emitted,  which  will  be  felt  in  proportioii  to  the  distance 
it  baa  traveraed. 

Electricity  always  distributes  itself  according  to  the  amount  of 

surfaces  on  passing  from  one  insulated  conductor  to  another ;  in 
order  therefore  to  deprive  an  insulated  conductor  of  all  its  elec- 
tricity, we  must  bring  it  into  contact  with  another,  having  an 
infinitely  larger  area,  as  for  instance  with  the  ground,  for  it  is 
thua  brought  in  contact  with  the  whole  earth'a  aurfiioey  in  whick 
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deefcridftjr  is  iriudly  loit  ficom  bong  ngoMj  distiibiited  over 
vast  an  extent.  If  W6  were  to  bring  an  inaolated  elec« 
ied  metal  ball  into  contact  with  another  equally  large,  like- 
V  insulated  and  non-electhc,  the  former  would  lose  exactly  half 
deetneity.  On  bringing  an  inanlated  metal  ball  nnr  the 
(dofltorof  an  deetrifying  machine,  only  faint  sparks  wiD  be 
Avn  from  the  machine  by  meana  of  a  non-insulated  con- 
:tor. 

1  tqper  that  has  been  jnat  ertingirished  mi^  be  relighted  by 
dedrie  spailc*  In  lika  manner,  ether  and  aloohol  may  be 

ucnced  by  the  electric  spark ;  to  effect  this  we  must  pour  the 
d  into  a  metallic  vessel,  and  bring  near  to  the  aurfiMie  of  the 
id  the  eleeferified  hoij  Stem  whieh  the  sparks  are  to  be 
itted. 

no.  245.  '^^^  electric  pistol  is  represented  in  Fig.  345. 

It  ia  a  amall  metallic  veasel  secured  by  a  cork 
atoroer.  A  metal  wire  tcrminatmg  in  two  amaU 
baDs  b  and  V  penetrates  into  die  vessel  withoat 
being  in  contact  with  the  wall.  For  the  purpose 
of  effecting  this,  the  wire  is  fastened  with  sealing- 
wsK  into  a  g^ass  tobe  i  f,  and  this  cemented  into 
an  aperture  of  the  lateral  waO.  The  deetrie  spark 
conducted  by  the  wire  passes  from  the  ball  b'  to 
to  the  opposite  wall.  If  now  the  vessel  be  filled 
h  an  cxploaife  gaii  as  a  mixture  of  hydrogen  and  atoMMpberie 
,  the  spark  will  produce  sodi  an  eflbet  by  the  ezpkisum  of  the 
i>hiT^,  US  to  cause  the  stopper  to  be  propelled  with  a  loud  report. 


CHAPISR  II. 
BiacnioiTT  BT  xmuonim* 

We  have  seen  that  each  of  the  electric  fluids  repels  the  like 
id  and  attracts  the  opposite.  This  attraction  and  repulsion  not 
ty  sbowB  itself  in  ib»  decomposed  fluids  but  on  those  still  in 
nbination,  whence  it  happens  that  the  comlmied  eiectrieities  erf 
body  in  a  natural  condition  are  disturbed  by  the  approxima- 
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no.  346.  tkm  of  an  electric  body.  Let  a  ring  of  metal 
be  attached  to  an  iiuulated  hook,  and  haye 
two  metallic  threads  iMMsing  throngh  it^  at  tbe 
end  of  which  are  two  pith  balls.  On  the  ap- 
proach of  an  elastic  body  r,  the  balls  will  start 
away  from  each  other  even  when  r  ia  very  far 
removed,  and  no  q»rk  is  tntnamitted  to 
them.  This  divergence  increaaea  the  neaier 
we  bring  r. 

It  ia  evidently  not  the  effect  of  transmitted 
electricity,  for  the  pendulums  fall  together  the 
moment  we  remove  r.    The  electricities  which 
were  combined  in  the  metalhc  ring  and  the 
pendulums  before  the  approximation  of  r,  have 
no.  S47.   heen  separated,  that  kind  of  electricity,  which  is  like 
that  of  r,  is  repelled  towards  the  balls,  whilst  the 
opposite  is  attracted  to  the  ring.    If,  therefore,  the 
electric  body  r  is  a  rubbed  rod  of  resin,  that  ia  — 
electric,  the  ring  will  become  +  electric,  and  the 
balls  •— . 

We  may  demonstrate  by  means  of  a  test  disc,  that 
the  two  kinds  of  electricity  are  reaUy  distribated  in  the 
way  indicated*  A  test  disc  is  made  of  gold  leaf,  or 
gold  paper,  from  1  to  2  centimetres  in  diameter,  and 
fastened  to  a  long  rod  of  shell-lac,  or  thin  glass  rod 
covered  with  varnish.  If  we  touch  the  ring  with  this 
disc  whilst  the  negatively  electric  body  r  is  so  near  it 
that  the  pendulums  diverge,  the  test  disc  will  be 
charged  with  the  electricity  of  the  ring,  the  nature  of  w^hich  we 
fhrfl  learn  by  bringing  near  the  disc  a  simple  electric  pendulum,  to 
which  electricity  has  ahready  been  imparted.  Supposing  that  the 
simple  pendulum  has  been  made  +  deetrie  by  contact  with  a 
glass  rod,  it  will  be  repelled  by  the  test  disc,  since  the  latter,  as  well 
as  the  ring,  is  +  electric. 

This  experiment  may  be  conducted  as  follows.  We  must  attach 
to  each  hook-like  extremity  of  a  metal  rod,  supported  on  an  insu- 
lated glass  stand,  a  couple  of  pendulums  having  oondneting 
threads  made  either  of  slender  metallic  wire  or  linen  threads. 
Both  these  double  pendulums  will  diverge  on  the  approach  of  an 
electric  body  r,  the  balls  of  the  one  pair  being  charged. with  +, 
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the  other  with  —  electricity.    On  removing  the  body  the 


idnlnmt  will  agun  approach  each  other,  becanae  the  separated 
eiricitiea  then  immediately  combine. 

Al  body  electrified  by  induction  acts  on  its  part  again  by  induc- 
Q  upon  other  bodies  brought  sufficiently  near  it,  that  is,  within 
sphcve  of  aiCtivity,  which  may  eoLtend  to  a  considerable  diatancc 
glance  at  Figc.  849  to  852  will  aofice  to  ahcw  the  arrangement 

.  M.  ne.  850.  VIC  Sftl.  no.  858. 


At  must  be  made  in  order  to  demonstrate  the  troth  of  this 
'cxperiDMBt;  miathc  conductor  of  an  deekrifying machine^  c 
6  nmhted  metallic  cylinder,  &  another,  b  a  metallic  ball,  and 
3ith-ball, 

1^  by  means  of  a  conducting  medium  we  bring  an  insulated 
^<lQctor  (dectrified  by  induction)  into  contact  wifli  the  ground 
^  Ae  dectric  body  still  acts  inductive  by  its  approximation^ 
I  the  repelled  electricity  wiD  be  carried  off"  by  the  wth,  and 
c  insulated  conductor  will  only  remain  charged  with  the  dee* 
attiactcd  from  the  inducti?e  bo^  r.   If  we  again  destroy 
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the  communication  with  the  earth,  and  remove  r,  the  insulated 
conductor  will  be  charged  throughout  its  whole  extent  with  the 
same  electricity. 

The  apparatus  in  Fig.  846,  made 
aerves  admirably  aa  an  eLectroeoope.  Care  must  be  taken  that  ibe 
pendnluma  are  aecnred  in  a  g^asa  yease!,  in  order  to  binder  tbe 
injnnotia  interference  of  external  inflneneesi  aa  currenta  of  air,  fre., 
besides  which,  the  conducting  system  must  be  carefully  insulated. 
The  pendulums  may  be  fonned  of  blades  of  straw,  and  balls  made 
of  the  elder  pith,  suspended  to  metallic  threads,  or  of  metallie 
plates. 

Fig.  858  rq>reaenta  a  gold  leaf  electrometer.  A  glaaa  tube 
passed  throogb  tbe  opening  of  tbe  glass  Tessel,  baving  a  metal  rod 
covered  witb  sbeD-lac  varnish  fastened  to  it,  and  penetrating  into 

the  vessel,  while  the  gold  leaf  pendiilimis  are  fastened  to  the 
lower  extremity  of  this  metallic  rod;  a  metal  plate  is  screwed  on 
the  top. 

m  US*  Fio.  8ft4. 


In  order  to  be  able  to  measure  the  divergence  of  the  pendulums, 
a  graduated  arc  is  either  introduced  into  the  interior  of  the  glass 
vessel,  or  instead  of  this  a  glass  box  is  used,  as  represented  in  Fig« 
854,  on  tbe  aide  of  wbieh  tbe  graduated  arc  ia  aewed. 

Tbe  experiment  abown  in  Fig.  846  may  alao  be  made  by  tbe 
above  delineated  electroscope.  If  we  plaee  above  it  an  eleetrie 
body,  as  a  rubbed  glass  rod,  for  instance,  the  pendulums  will 
diverge ;  the  nature  of  the  electricity  collected  in  the  upper  plate, 
may  be  ascertained  by  means  of  the  test  disc,  it  being  the  contrary 
to  that  of  tbe  approximating  body  r. 
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If  we  wish  to  examine  into  the  nature  of  the  electricity  of  any 
body^  the  electroscope  must  be  charged  beforehand  with  a  kind  of 
electricity  with  which  we  arc  acquainted^  and  tbia  may  be  done  by 
hnngbg  a  body  wboae  electricity  ia  Imown^  near  tbe  apparatus^ 
and  tooehing  tbe  pkte  with  tbe  &iger.  By  thia  meana  all  the 
repelled  deetrieity  ia  carried  off,  tbere  remaining  only  the  portion 
attracted  and  accumulated  upon  the  plate.  It  is  to  a  certain 
extent  combined,  that  is  to  say,  it  cannot  escape,  bcin^  attracted  by 
r,  on  which  account  the  pendulums  do  not  diverge ;  immediatelyi 
however,  on  removing  the  finger  and  the  body  r,  the  penduluma 
vio*  S55.  will  diverge  aa  the  electricity  which  waa  com- 
bined with  tbe  plate  by  tbe  body  r  diaperaea 
itaelf  freely  over  the  whole  inanlated  ayatem, 
consequently  also  over  the  pendulums.  The 
electricity  with  which  the  electroscope  is  in 
this  manner  charged  must  naturally  be  con- 
trary to  that  of  tbe  body  r;  thus,  if  we  want 
a  negative  charge  we  may  make  nae  of  a  glass 
rod  mbbed  with  ailk,  ainoe  tbia  ii  -I-  electiic. 

If  we  bring  an  electric  body  to  tbe  charged 
electroscope,  the  divergence  of  the  pendulums 
will  either  be  increased  or  diminished  in  con- 
sequence. It  will  be  increased  if  the  elec- 
tricity of  the  body  to  be  examined  be  the 
same  aa  that  imparted  to  the  apparatus,  for 
by  ita  appronmatimi^  the  electiieitiea  of  the 
dectroaoope  are  more  thoroughly  deoompoaed  than  waa  the  caae 
before,  and  more  electricity  of  the  aame  kind  aa  that  already  in 
the  pendulums  is  imparted  to  them,  when  their  divergence  must 
consequently  increase. 

If  the  approximated  body  be  of  the  contrary  electricity  to  that  im- 
parted by  the  dectroaoope^  the  divergence  diminishes  as  the  electricity 
ia  withdrawn  from  the  pendnlnm  and  drawn  into  the  plate.  What- 
ever be  the  dectridty  with  whidi  the  apparatna  ia  chargecl^  there 
win  atill  be  nndeeompoaed  deetricitiea  in  the  apparatna  which  will 
be  decomposed  by  the  approximated  body ;  if  the  electricity  in  the 
latter  be  contrary  to  that  present  in  the  electroscope,  the  amount 
of  electricity  already  developed  will  be  drawn  into  the  plate,  while 
the  other  will  be  urged  into  the  pendulums,  the  divergency  of  which 
must  therefore  diminish.  At  a  definite  distance  from  the  approxi- 
mated body,  the  deetricitiea  will  nentraliie  each  other  in  the 
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penduloms,  which  will  then  £all  doidiy  together.  If  the  body  to  be 
teited  be  brou|^t  still  nearer^  the  pendulvmB  will  agnn  diverge^ 
but  with  deetricity  of  a  kind  oontraiy  to  that  wfaidi  made  than 
pimonsly  diverge. 

The  divergence  of  the  peudulums  likewise  diminishes  on  bring- 


no.  SM.  no.  S57.        no..  S98.         no^  859. 


ing  a  non-conductor  near  the  charged  electroscope.  This  follows 
as  the  necessar)'  consequence  of  the  laws  of  electric  induction. 

On  uniting  two  similar  electroscopes  by  an  insulated  conduetor, 
and  bringing  an  electric  body  r  near  one  of  them^  the  pendulums  ill 
both  jars  will  diverge^  the  one  from  and  the  other  from  — 
eleetrieity.  On  removing  the  oonneeting  oondnctar  (we  mnat,  of 
eoorse,  hold  it  by  the  insulated  .handle)  the  pendnhuns  will  not 
meet  again,  even  after  the  removal  of  the  body  r  effecting  the 
induction,  owing  to  the  separated  electricities  La\'ing  no  way  by 
which  they  can  pass  back  to  each  other.  We  may  know  that  the 
electricities  in  both  apparatus  are  of  different  natures,  by  bring- 
ing the  same  electric  body  first  to  the  one,  and  then  the  other 
electroscope^  when  we  shall  see  them  diverge  in  the  one  case,  and 
eollapse  in  ihe  oUier. 

The  above  described  phenomena  of  attraetkm  ean  also  be 
explained  by  the  laws  of  electric  induction.  If  a  body  in  a 
natural  condition  be  brought  near  one  that  is  electric,  its  electri- 
cities will  be  decomposed.  This  will  also  be  the  case  with  the  cork 
ball  of  the  simple  electric  pendulum.  If  it  be  suspended  by  a 
silk  thread,  the  repelled  electricity  cannot  escape  from  the  ball, 
bat  will  be  urged  to  the  reverse  side  of  the  ball,  whilst  the 
attracted  eketricity  will  be  aeeomnlated  in  the  front.  As 
the  attneted  deetridty  is  nearer  to  the  body  from  which  the 
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tion  piO0Qed%  the  attraction  will  be  alraigerthaii  the  fCpolaiA; 
e  foree  urging  the  ball  tomrds  the  decfarie  body  will  be  equal  to 

e  difference  of  these  two  opposite  forces ;  a  very  small  removal  of 
e  electric  body  will^  therefore^  be  followed  by  attraction.  The 
tion  will  be  fiur  stronger  wbere  the  ball  is  suspended  to  a  eon- 
Mting  thread,  as  in  that  ease  the  repelled  dectrieity  can  eaei^ 
id  the  attraction  will  consequently  not  be  weakened. 
A  ball  of  shell-lac  is  not  attracted  by  the  approximation  of 
1  electric  body^  as  the  approximated  body  ia  only  capablf^  with 
Aeoltyf  of  eanaiiig  indoetimi.  This  fihenonietton  leaemblea 
hat  may  be  seen  in  the  ease  of  a  magnet,  which  easily  occasi 
magnetic  induction  in  a  piece  of  soft  iron,  but  can  only  effect 
te  same  iu  a  piece  of  steel  with  extreme  difficulty. 
The  JBkdnpharut  ia  one  of  the  moat  imiportant  eleetrieal 
iparatiiBeay  and  may  in  many  eaaea  rqdaee  the  eleetrifying 
aehine.  It  consists  of  a  cake  of  resin,  which,  as  seen  in  Figs. 
56  to  859^  ia  fused  in  a  plate  of  metal,  or  a  cake  of  ream  simply 

laid  upon  a  somewhat  larger  metal  plate. 
It  ia  my  important  that  die  aorftee  el 
the  cake  of  resin  should  be  as  smooth 
as  possible.  On  this  cake,  the  surface 
of  which  has  been  made  negatively  elec- 
trie  by  striking  it  with  a  foK4ail  or  caf  a- 
skin,  we  place  a  metal  cover  provided 
with  an  insulated  handle  m.  The  elec- 
tricity of  the  cake  of  reain  acts  induc- 
tively upon  the  two  deetricitiea  hitherto 
combined  in  the  cover^  the  +  electricity 
is  attracted,  the  —  electricity  repelled; 
he  former  will,  therefore,  accumulate  in  the  lower  part  of  the 
over,  and  the  latter  in  ita  upper  part  On  bringing  the  knnekle 
f  the  finger  near  the  cover,  a  spark  will  be  dieked,  and  on 
ouching  the  cover  with  the  finger  all  the  —  electricity  will  escape, 
f  electricity  alone  remaining,  which,  however,  is  combined  with 
he  —  electiicity  of  the  eake  of  reain,  aa  kmg  aa  the  cover  ia 
»n ;  bat  if  this  be  removed,  the  +  deetrieity  will  be  liberated^ 
md  we  may  draw  a  s{)ark  of  +  electricity  from  the  cover. 

If  the  ci^e  of  resin  be  laid  directly  upon  a  metal  plate,  there  is 
esa  lear  of  the  eake  eraeking  by  the  diange  of  temperatoie,  aa 
Bay  easily  be  the  eaa^  owing  to  the  unequal  expansion  of  the 
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metal  and  resin  in  melted  cakes.  The  best  substance  for  an 
dectrophoms^  is  shell  lac  mixed  with  Venice  turpentine. 

Zinc  may  be  used  as  the  material  for  constructing  the  metallic 
plate  on  which  the  resin  cake  is  laid.  The  cover  is  generally  of 
brass^  and  has  its  edge  rounded  off.  Covers  of  glass,  wood,  or 
pasteboard  answer  the  purpose,  however,  when  coated  with  tin- 
foil ;  but  care  must  be  taken  to  have  the  under  surface  lying  on  the 
cake  of  resin  as  smooth  as  possible.  In  the  place  of  an  insulated 
glass  handle,  the  cover  may  be  fastened  with  three  silk  cords. 

The  Electrifying  Machine  consists  of  a  rubbing  body,  a  rubber, 
and  an  insulated  conductor. 

The  rubbing  body  is  generally  a  horse-hair  cushion.  The 
rubbing  surface,  a  piece  of  leather  covered  with  amalgam. 

The  body  rubbed  is  a  glass  disc  or  cylinder.  • 

The  insulated  conductor  is  generally  a  system  of  hollow  con- 
ductors made  of  brass  plate,  spherically  rounded  at  the  extremi- 
ties, and  supported  by  glass  legs  varnished  with  shell  lac. 

Many  different  forms  have  been  given  to  the  electrifying 
machine,  the  one  most  in  use  is  represented  in  Fig.  362.  The 
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meter  of  the  glass  plate  a  varies  from  20  to  60  inches.  An 
A  passes  through  an  opening  in  its  o^trc,  and  supports  the 
aeh  b.  The  pilkn  d  betr  the  pkle»  aad  likewise  die  eoiqpk  of 
in  of  CQehkms  t  and  e^,  wUdi  rab  fhe  plate  ftom  the  edge  to 
)ut  t  or  4  of  its  diameter,  flie  conductor  fgf  is  insulated 
the  columns  h,  and  terminates  in  two  arms  i,  which  press 
mi.  the  plate  across  its  horisontal  diameter. 
Figa.  808  and  884  ediibit  more  plainly  the  amngement  of  the 
shions,  and  the  manner  Im,  which  they  are  secured. 

no.  80S.  wim,  864.  glass  disc  round 

^  by  oaeans  of  the  winch,  it  will 

/^^v  beeoi&e  positifely  electrie  bj  the 

friction  against  the  leather  cndiioii 
covered  with  amalgam.  After 
turning  the  disc  one  quarter  round, 
one  spot  OQ  the  disc  lying  between 
the  cnshions  always  eomea  to  the 

arms  t.  The  +  electricity  of 
the  glass  acts  here  decomposangly 
upon  the  conductor ;  the  —  eke* 
tridty  is  attracted  and  flows  crar 
the  glass,  and  tlien  brings  it  back 
to  its  former  condition,  that  is» 
Butoalinig  more  or  less  entirely  its  +  deetnei^.  This  latter 
ectricity  renudna  iqpon  the  eondnctor. 

In  order  to  prcrent  the  electricity  of  the  glass  from  being 
asttd  in  the  air,  on  its  passage  from  the  rubber  to  the  arm 
le  disc  ia  protected  on  both  sides  by  pieces  of  oil-silk*  It  ia 
rrmoij  to  mb  the  glass  legs  and  the  disc  with  warm  woollen 
oths,  or  with  heated  dry  blotting-paper  before  using  the  appa- 
itus,  in  order  that  it  may  work  efficiently. 

The  —  electnci^  of  the  rubber  passes  to  the  ground,  and  its 
Ki^e  is  necessary,  since  if  it  were  to  remain  upon  the  euahion  it 
odd  acquire  such  a  degree  of  tension  as  partially  to  flow  orar  the 
lass  plate,  and  partially  neutralise  the  +  electricity.  The 
iectricities  that  are  liberated  by  firiction  must  immediately  be 
mied  <rfr  at  the  spot  where  they  are  set  free,  otherwise  we  should 
e  unaUe  to  develop  electricity  agam  at  the  same  place. 

Glass  c^^linders  are  used  as  well  as  the  plates  in  the  construction 
f  electrifying  machines,  if'ig.  365  represents  a  cyliudcr-machiney 
fhach,  aa  uanal,  ia  so  arranged  that  poaitiYc  and  negati?e  electricity 
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no.  366. 


may  be  engendered  at 
will ;  a  is  the  glass  cylinder 
revolving  upon  a  horizon- 
tal axis  and  rubbed 
throughout  its  whole 
length  by  a  single  cushion 
e.  This  cushion  is  con- 
nected with  a  conductor 
r.  The  conductor  v  is 
diametrically  opposite  to 
the  cushion  e,  and  is  pro- 
vided with  points  on  the 
side  turned  towards  the 
cylinder.  The  upper  half 
of  the  cyhnder  is  pro- 
tected by  a  piece  of  oil 
silk  fastened  to  the  rubber 
Cy  so  that  the  glass  rubbed 
at  e  may  not  lose  its  elec- 
tricity on  its  passage  to 
the  conductor  t?.  The 
latter  is  of  course  charged 
with  +  electricity.  If  we 
wish  for  a  powerful  charge 
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+  dectiietty  cm  «,  we  mmt  pot  the  eondnetor  r  in  emmeetkm 

tth  the  ground.  On  the  other  hand,  we  must  take  care  to  enable 
e  -h  electricity  to  pass  freely  from  the  conductor  r,  if  we  want  to 
ivc  a  strong  charge  of  —  eleetricity  on  the  conductor  r. 
Tke  stem  Aett^ymg  iMgMi».~Many  yean  ago^  the  iSacovery 
M  aocidratally  made  in  England  that  a  boiler^  from  which  aleam 
as  forcibly  propelled  through  a  small  aperture,  was  strongly 
ectric ;  by  pursuing  this  discovery,  means  were  found  for  con** 
ftiBg  ft  afeaanDL  boftknr  into  aa  dectnfjfing  muf'^iTift  tu  snipaBahig 
i  ito  action  erery  known  appmtea  dl  Out  kind.   Fig.  886  repie- 


Fio.  367.  sent 3  a  machine  of  this  description  of  medium 
size.  The  boiler,  which  is  44  centimetres  in  dia- 
metcr,  and  96  in  length,  rests  upon  four  glass 
legs.  It  is  heated  iatenally  in  a  siniilar  nanner 
as  the  boUcrs  used  in  steam-boats.  Fig.  887  ia  a 
section  of  the  boiler. 

On  the  top  of  the  boiler  there  is  a  cap,  to 
wUdi  a  afaorty  braas  tabe  doaeabk  by  means  of 
cock  is  attached ;  the  conducting  pipes  may  be  screwed  on  the 
hort  tube,  and  will  presently  be  described. 
Be&ae  the  eip  there  is  a  aafety  valve^  whose  weight  ia  move* 
Ue,  and  magr  ao  fiur  project  that  the  steam  most  eiart  a 
rasQce  of  901bs.  on  the  sqiuure  inch^  before  it  can  raiae  the 

alve. 

On  the  reverse  side  of  the  boiler^  there  is  a  glass  tube  connected 
bote  and  below  with  the  bofler,  so  that  we  may  by  this  tube,  see^ 
s  in  locomotives^  the  height  at  which  the  water  stands. 

Fig.  368  represents  the  apparatus  with  its 
conducting  apertures^  delineated  as  seen  from 
above.   The  cast  iron  tube  b  e  (Kg.  866), 
slboiit  ft4f^  in  length,  and  6^  in  diameter,  ia 
screwed  on  at  a.    From  this  tube  the  steam 
escapes  through  6  horicontal  tubes  d  d',  which 
pass  throng^  a  bos  of  faraas-plate  filled  with 
eoU  water,  by  whidi  means  a  portion  of  the 
escaping  steam  is  condensed^  and  tbe  action 
considerably  increased. 
At  an  opening  e  in  the  upper  eover  of  the  box  F,  a  brass  tobe 
s  put  cm,  wUdi  passes  at  n  (Fig.  366)  into  the  dumney,  and 
^ives  a  passage  to  the  steam  formed  in  the  box  F, 
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no.  369.  Fig.  369  gives  a  section  of  the  conducting 
pipes  d'  represented  in  Fig.  868,  at  about  half 
V  their  actual  size.  At  the  end  of  the  tube  a  piece 
of  brass  M  N  ia  screwed  <m,  having  a  woodon 
plug  abed,  whieh  fomia  the  end  of  the  eiei^ 
apertoie.  Tbk  kngitiidinally  boied  woodoi 
cylinder  it  leciired  to  its  plaoe  by  a  short  hraas 
cylinder  r  screwed  into  the  brass  work  M  N,  A  brass  plate  is  so 
placed  before  the  opening  of  the  bored  cylinder  r,  that  the  steam 
must  pass  alon^  the  winding  course  designated  by  the  arrow 
before  it  can  escape  by  the  opening. 

If  the  apperatuB  in  Fig.  868  be  screwed  on  the  boiler^  and 
the  steam  have  the  necessary  linoe  of  tension^  the  separating 
cock  will  be  opened  by  turning  the  handk  F^.  886,  a  qnaiter 
round,  and  the  steam  escaping  with  force  fimn  the  six  openings, 
the  boiler  will  become  electric.  The  escaping  steam  has  the 
opposite  electricity  to  that  contained  in  the  boiler ;  in  order  to 
heighten  the  action  of  the  apparatus,  it  is  essential  to  let  the  steam 
escape  as  fast  as  posdhk,  and  this  is  best  effected  by  placing 
in  the  current  ol  steam  a  row  of  metallie  points  faatoied  to  a 
brass  rod  communicating  with  the  ground.  This  rod  or  staff 
stands  on  a  glass  pedestal,  by  which  it  may  be  insulated,  to  prove 
that  the  steam  has  really  the  opposite  kind  of  electricity  to  that  of 
the  boiler. 

By  means  of  this  hydro-electrifying  machine,  a  battery  of  36 
square  feet  in  area  may  be  perfectly  charged  in  the  ipaoe  of 
80  seconds. 

The  source  of  this  strong  development  of  electricity  is  not  owing 
to  tiie  formation  of  gas,  as  we  might  at  first  be  inclined  to  hdievey 

but  entirely  to  the  friction  against  the  sides  of  the  tube  of  the 
violently  escaping  steam  that  is  mixed  with  particles  of  water. 
That  such  is  really  the  case,  is  proved  by  the  escape  of  the  elec- 
tricity every  moment  the  salety-valve  is  opened^  although  the 
formation  of  steam  continues  in  the  meantime  uninterrupted. 

For  the  generation  of  electricity,  it  is  essential  that  die  wintAj 
condensed  particles  of  water  should  be  carried  away  with  the 
escaping  steam  through  the  apertures,  an  object  which  is  effected 
by  the  condensation  apparatus  F  seen  in  Fig.  368.  If  the  escape 
pipes  be  of  sufficient  length,  we  may  dispense  with  a  special  cooling 
apparatus. 
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l(  lineated,  the  boiler  will  be  in  a  state  of  —  electricity,  and  the 
Lin  in  one  of  +  electricity ;  the  same  is  the  case  when  metal 
glaM  18  UMd  lor  the  pnipoee;  and  if  an  imj  tube  be  med^  the 
kr  wiD  teBreely  nmnfeet  a  traoe  of  a  duurge.  On  appl3ring  a 
le  oil  of  turpentine  to  the  mouth  of  the  tube^  the  boiler  will  be 
iUYeij,  and  the  steam  negatively  electric. 


CHAFTBB  nL 

OF    ELECTRIC  FORCES. 

Diminution  of  electrical  power  with  the  increase  of  distance, — The 
•  by  which  electrical  attractions  and  iq^ulsions  diminish  in 
partial  an  the  dktanea  mereasesi  nsj  ba  diown  1^  the 
iDslioiisof  an  electric  pcndidinn.  We  must  let  a  smaD  shell 
needle,  horizontally  suspended  by  a  silk  thread,  and  supporting 
me  end  a  disc  of  electritied  gold  leaf,  oscillate  by  the  influence 
mdeetrified  insulated  balL  if  the  ball  and  the  disc  be  charged 
h  the  same  deetricity,  the  disc  wiU  form  Ae  end  ef  the  dee* 
ted  pendulum  turned  away  from  the  ball ;  but  if  the  electricities 
the  disc  and  the  ball  be  different,  the  fonner  will  be  turned 
rards  the  letter.  We  msy  in  like  manner  judge  of  the  aeesle- 
ing  foree  eserased  on  Hie  deetrie  pendnhim  by  its  osrillations. 
)m  these  data  it  may  be  seen  that  electrical  attractions  and 
ulsions  stand  in  an  inverse  relation  to  the  squares  of  distance. 
^^Mimtkm  qf  ehdrieiiy  am  ike  wmfaeee  ef  eiminieimg  iodim^ 
long  as  a  body  lemaina  in  a  natnrd  conation,  that  is^  as  long 
Ae  two  electric  fluids  are  not  combined,  they  are  probably 
ifonnly  distributed  through  the  whole  mass  of  the  body.  As 
m,  however,  as  one  fluid  becomes  separated  from  the  other,  and 
ondoetor  is  charged  with  free  deetricity,  the  individnd  dements 
these  freed  electricities  will  act  repulsively  upon  each  other, 
reiiting  as  far  apart  as  possible  until  checked  by  some  impe- 
oent.  A  perfectly  good  conducting  body  cannot  oppose  any 
iitanee  within  ilsdf  to  this  dispenum;  the  deetrieityy  there- 
e,  distributes  itsdf  overrits  surface,  and  would  be  still  further 
persed  if  the  body  were  in  a  space  easily  penetrated  by  the  elec- 
^^y*  JBIectricity  always  distributes  itself  over 
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flonduetor,  on  wluch  it  is  retained  by  the  atmotplieiey  iHiidi 
envdops  it  as  if  it  were  a  noa-oondiictbg  layer. 
The  fellofwiiig  experiment  will  show  in  the  simplest  manner 

that  electricity  only  distributes  itself  over  the  surface,  and  not 
through  the  interior  of  bodies. 

A  ball  7  or  8  inches  in  diameter,  and  having  a  hollow 
8  or  10  lines  in  breadth,  and  1  inch  in  depth,  must  be  insulated 
and  charged  with  dectricity;  if  now  we  tooch  this  hall  in  any 
part  with  a  test  disCi  it  wiQ  become  charged  with  dectridty^ 
while  on  tooching  the  bottom  of  the  hollow  with  the  test  disc  it 
will  not  be  removed  from  its  natural  condition.  Let  us  now 
consider  the  manner  in  which  electricity  distributes  itself  over  the 
surface  of  bodies. 

If  we  electrify  an  insulated  body,  the  law  of  symmetry  requires 
that  the  electricity  should  distribute  itself  uniformly  over  the 
whde  surface,  forming  evciywhere  a  li^  of  equal  density*  We 
may  oonrinee  onraebes  by  experiment  that  sncii  is  the  case. 
for  instance,  we  toneh  the  electrified  ball  at  any  spot  with  the 
test  disc,  the  latter  will  immediately  form  as  it  were  an  element 
of  the  spherical  surface,  as  large  a  quantity  of  electricity  distri- 
buting itself  over  its  surface  as  there  was  upon  the  portion 
of  the  sphere  covered  by  the  disc ;  the  strength  of  the  electrie 
chai^  in  the  disc  may  be  determined  after  its  removal  from  Ite 
sphere  by  brmging  it  into  contact  with  the  pkte  of  an  deetroscope. 
The  divergency  of  the  pieces  of  gold  leaf  will  be  the  aame,  at 
whatever  part  of  the  ball  we  attach  the  disc. 

If  the  insulated  conductor  to  be  electrified  be  not  spherical, 
no  equal  distribution  of  the  electricity  will  take  place,  that 
is  to  say,  the  electrical  layer  distributed  over  the  body  will  not 
be  everywhere  equally  dense.  If  by  the  aid  of  a  test  disc,  we 
test  the  density  of  the  dectricity  at  different  parts  of  a  cylinder 
with  rounded  ends  (Fig.  870),  we  shall  find  the  dmsityof  the 
Fio.  370.  electricity  greater  at  the  extremities  than  in 
the  middle.  The  disc  will  be  much  more 
strongly  charired  on  holdinj?  it  to  the  end  of 
the  cylinder,  in  such  a  manner  that  its  edge 
shall  not  touch  the  top  of  it,  but  that  its  plane 
shall  lie  in  the  line  of  prolongation  of  theazbof  the  cylinder. 
Similar  results  are  obtaiiied  by  eiamiiing  the  electrical  condifeioii 
of  a  disc,  for  instance,  the  cover  of  an  eleetrophorus.  We  nwy 
easily  understand  that  a  distribution  of  electricity  must  occur 
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^  bodhi  powairing  unequal  expansion  in  different 
cctions,  for  in  consequence  of  the  mutual  repulsion  of  the 
>arate  jmrtidfii  f£  the  dectric  fiuid^  these  pv*^*w  will  retire 
■Qbk  ftom  the  uiddk  of  Ae  bod^,  aoeamidating  in 
projaetum. 

Fhe  more  a  body  departs  from  the  spherical  form,  the  less 
aally  is  electricity  distributed  over  its  surface^  end  the  more 
m  it  eoUeot  at  the  points  lying  most  remote  from  the  middle, 
A  tiMt  in  proportion  to  ihe  want  of  density  in  Aose  parts.  It 
lows,  therefore,  that  if  a  point  be  brought  near  an  insulated 
oiductor^  the  electricity  will  have  an  extraordinary  density  at 
IB  pointed  end.  Bat  ilM  denser  Aeelectrieity  is  it  any  poin^  the 
mer  will  it  be  sible  to  overcome  tiie  resistance  of  the  air,  lAoA 
ives  to  keep  it  u})on  the  body.  Hence  it  happens  that  electricity 
ws  so  readily  from  sharply  pointed  bodies. 
We  taifjbX  adduce  a  nnmber  of  experiments  by  wUeli  this 
war  of  pointed  bodies  is  aianifiBstedy  bat  we  will  limit  ooiselfes 
a  few  iDustrations. 

1 .  On  putting  a  point  to  the  end  of  the  conductor  of  an  elec- 
i^fing  mtn*^'"^,  it  will  be  found  impossible  to  charge  it  in  sndi 
ayomer  an  to  diaw  sparks  from  it.  All  the  eieetrisity  engen* 
red  by  the  turmng  of  the  machine  being  immediately  discharged 

the  point. 

2.  In  the  same  manner^  on  bringing  a  point  that  is  in  oonnee- 
m  with  the  gproond  witkdn  a  fiow  deeiaaetrss  of  the  eondnotor  of 

e  machine,  it  wiD  be  eqoally  impossiUe  to  charge  the  eondnetov. 

le  electricity  of  the  latter  decomposing  the  combined  clectrici- 
2S  of  the  point,  and  repelling  the  like  kind,  while  it  will  attract  the 
ntrary,  uid  this  oontrary  electricity  will  accumulate  with  soeh 


tor  and  nentraUae 


ree  at  the  pmnt  as  to  paas*orar  to  the 

0  electricity  of  the  latter. 

On  the  above  mentioned  property  of  pointed  bodies  rests  the 
Mtroction  of  Ughimmg  cmUkUon. 

Angles  and  sharp  edgea  to  eondneting  bodies  act  similarly  to 

>ints.  It  is,  therefore  essential,  carefully  to  avoid  all  angular 
rms  in  the  construction  of  any  apparatus  destined  to  retain  elce- 
leily* 

On  bringing  an  inaiilated  deetrie  eondnetor  near  another  eon- 

iictor,  the  distribution  f)f  the  electricity  on  the  surfaces  will 
cpchence  considerable  modifications.  If  we  bring  an  electric 
isnkted  sphere  nasr  anodisr  body  of  the  same  kind»  likewise 
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insulated  and  charged  with  the  same  electricity,  there  will  no 
longer  be  an  uniform  distribution  of  electricity  upon  the  surface. 
As  the  electricity  of  the  one  sphere  repels  that  of  the  other,  the 
4ensity  of  the  electricity  will  be  the  most  inconsiderable  ftt  those 
pomtsol  the  spheres  turned  towards eseh  other,  and  greatest  attiie 
most  remotdy  oppbsite  points.  Figs.  871  and  87%  represent  two 

balls.  At  «  and  b  Uie 
density  of  the  electricity  is 
at  the  minimum,  at  c  and 
£f  it  is  at  the  maximum. 
The  nearer  we  bring  the 
two  balls,  the  more  will  the 
density  diminish  at  m  and 
and  incfease  at  e  and  a. 
If  we  bring  these  spheres 
into  contact,  the  density  of 
the  electricity  ^^ill  be  null 
at  the  point  of  contact.  If  the  two  spheres  had  been  charged  with 
opposite  electricities,  we  should  have  found  the  greatest  density  at 
a  and  b,  and  the  smallest  at  e  and  The  accumulatioa  of  eleo> 
•tricity  increases  at  m  and  b  on  hringmg  the  spheres  near  together, 
nntfl  at  last  a  spark  is  emitted. 

A  non-electric  conductor,  on  being  brought  near  an  electrified 
insulated  conductor,  will  act  similarly  to  a  body  charged  with  the 
opposite  electricity,  as  it  becomes  electric  by  induction  or  approzi- 
juation  to  the  conductor. 


CHAPTER  IV. 

OF  COMBINBD  SLBCTRICITIBS. 

We  have  abes^  seat  that  if  two  insulated  conductors  charged 
-with  opposite  electricities  he  separated  by  a  layer  of  air,  the  dee> 

tricity  of  the  one  will  attract  that  of  the  other,  in  such  a  manner 
that  we  may  alternately  put  either  body  in  connection  with  the 
ground  without  its  electricity  being  entirely  carried  off.  In  Figs. 
371  and  372  for  instance,  the  ball  to  the  left  is  charged  with  + ,  and 
^lat  to  the  right  with  ^electricity,  and  we  alteinatdy  touch  either 
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with  the  finger  without  the  charge  being  lost.  The  electricity  on 
the  one  sphere  is  attracted  by  the  opposite  electricity  of  the  other 
sphere,  and  is  thus  prevented  firom  escaping,  bebig  combined. 
Hie  nearar  we  bring  thete  two  kinds  of  efeotricity  to  eaeh  other, 

the  mom  rtrongly  will  tliey  be  mntoaH^r 
attracted,  and  the  more  perfect  will  be  their 
eombmation ;  if,  howeyer,  the  two  conductors 
be  separated  only  by  a  layer  of  air,  the  com- 
bination will  not  be  perfect,  aa  we  cannot 
bring  them  very  near  each  other  without  the 
layer  of  air  being  broken,  and  a  spark  emitted. 
To  make  the  oombination  as  perfect  as  poa-^ 
sibki  the  two  conductors  charged  with  oppo- 
site electricities  must  in  the  place  of  air  be 
separated  by  some  other  insulator  capable  of 
opposing  a  greater  resistance  to  the  passage  of 
electricity,  and  for  this  purpose  glass  or  resin 
answers  best. 

The  Franklin  plate  is  especially  well  adapted  to  facilitate  the 
ezaminaitioii  of  the  prc^wrties  of  combined  eleetricity.  Fig.  878 
lepreaents  a  glass  plate,  the  sides  of  whieh  are  about  1  foot  in 
length.  The  middle  of  the  glass  on  either  side  is  covered  with  tin 
foil,  leaving  a  free  margin  all  round  of  about  a  hand's  breadth. 
We  may  varnish  over  the  uncovered  parts  of  the  glass  in  order  the 
better  to  insulate  them.  If  we  charge  the  front  part,  covered  with 
the  tin  foD,  with  +,  and  the  lererse  side  with  —  electricity,  the 
oppoaite  electricities  will  be  separated  tnm  each  other  meidy  by 
the  tiiickneaa  of  the  glass  dia^  this  they  are,  however,  unable  to 
penetrate,  and  thua  the  combination  will  be  tolerably  well 
effected. 

To  charge  the  two-coated  sides  of  the  Franklin  plate  with  opposite 
electricities,  it  is  unnecessary  to  bring  each  into  connection  with  the 
aouroe  of  electricity.  If  we  bring  one  side  (the  front  one)  into 
oonmnmication  with  the  conductor  of  the  electrifying  machine,  a 
portion  (tf  the  +  electricity  wiU  pass  off  from  the  conductor  to  the 
coaled  sorftce.  The  elecbidfy  of  the  firont  aorftce  acta  indne- 
tively  upon  the  combined  deetricities  of  the  back  surface ;  and  as 
soon  as  we  place  it  in  communication  ydih  the  ground,  the  -}- 
electricity  will  pass  into  the  ground,  while  the  —  electricity  will 
be  induced  to  the  reverse  surface.  But  the  —  electricity  of 
the  reverse  side  acts  repulsively  upon  the  +  electricity  of  the  front 
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nde^  thm  enabling  electricity  to  pass  again  from  the  eoodndtor  to 
ihe  front  coaled  waface,  whieb  again^  by  ita  repulaive  poaner, 
inereaaea  the  —  electricity  of  the  reverse  side.  We  may  in  this 
manner  easily  charge  one  coated  surface  with  and  the  other  with 
electricity. 

However  small  the  distance  separating  the  two  surfaces^  the 
mutual  combination  is  not  perfect*  In  order  to  bare  tbe  dec* 
tricity  perfectly  combined  on  the  one  aide^  it  ia  neceiaaiy  that 
there  dioold  be  an  eseesa  of  dectridty  on  tbe  otber,  that  h, 

that  free  electricity  must  be  present.  On  touching  tbe  one  coated 
surface  of  a  charged  Franklin  plate  with  the  finger,  while  the 
other  side  (the  front  for  instance)  is  no  longer  in  connection  with 
the  conductor,  we  can  only  bring  off  a  portion  of  electricity,  while 
a  strong  cbaige  of  —  electricity  perfectly  combined  remains  upon 
tbe  reverae  anr&ce.  In  order,  bowem,  to  have  tbia  —  electricity 
perfectly  combined,  it  ia  indiipenaably  neceaaaiy  tbat  tbere  ahoold 
be  an  exceaa  of  +  electricity  on  the  opposite  side.  We  may  easfly 
convince  ourselves  that  such  is  the  case.  If  after  all  the  non- 
combined  —  electricity  of  the  reverse  side  has  been  carried  off,  we 
touch  the  front  coated  surface  a  faint  spark  will  be  emitted  on  the 
approximation  of  the  finger,  which  proves  that  free  electricity  is 
preaent.  If  now  we  remove  all  tbe  free  +  dectrici^  from  tbe 
front  eide^  tbere  will  again  be  free  —  electricity  on  Uie  oppoaite 
aide,  and  we  may  draw  a  front  apark  from  tbe  leverae  coated 
surface,  &c. 

The  excess  of  electricity  which  must  be  present  on  the  one 
surface,  in  order  perfectly  to  combine  the  opposite  electricity  on 
wiQ»  874.     the  other  side,  may  be  made  apparent  to  the  eye. 
1^  We  must  secure  with  wax  a  light  electric  pendulum 

^  \  on  each  aide  of  the  disc  in  tbe  manner  i^reaented 

'     I  \        in  Fig.  874^  wbicb  shows  a  diagonal  aection  of  tbe 
I   \      diao.  On  tbe  aide  on  wbicb  tbere  ia  free  electricity, 
^1     ^     tbe  pendulum  will  be  repelled,  while,  on  the  other 
I  side  it  \^'ill  remain  hanging  vertically,  and  in  contact 

H  with  the  coated  surface.    If  we  touch  the  pendulum 

■  on  the  one  side  where  thei'e  is  free  .electricity,  tbe 

I ' .  pendulum  will  fall  while  the  one  on  tbe  oppoaite 
I  aide  will  riae.   We  may,  therefbre^  by  alternately 

g^f^l^^^  touching  one  or  other  of  tbe  aidea  make  eitber  pen- 
^'^^"'^^     dulom  rise. 
This  phenomenon  may  be  easily  explamed.  If  there  be  an  exceaa 
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+  electricity  on  the  one  side,  it  will  act  attractively  upon  the 
sftrioty  on  tike  othar  surftc^  as  well  as  upon  the  little  electricity 
the  baU  of  the  pendnfann.   The     decteicity  certainly  repeb 

—  electricity  in  the  ball,  but  the  force  with  which  the  excess  of 
electricity  attracts  the  negative  ball  is  greater  than  the  force  of 
ulaon*  On  carrying  off  the  excess  of  +  electricity,  the  libe« 
ad  —  elactneity  distribiitea  ilaeif  partially  orar  tiie  ball  whidi  ie 
f  repelled,  there  being  no  excess  of  +  electricity  present  on  the 
( r  side  to  hold  it  back. 

L'he  apparatus  will  by  degrees  beeooae  wholly  discharged^  if  we 
ddnae  altematdy  to  touch  the  two  enrfreea  with  the  fingori  and 
m  ranove  dl  the  free  electricity  on  the  one  side.    V  we 

ch  both  surfaces  at  once,  or  by  any  other  means  put  them  into 
inection  with  each  other^  the  discharge  will  take  place  all  at 
1^  while  the  aeeaimikted  oppoalbe  dedzieitiM 
1  pass  in  this  manner  from  one  to  die  other.   The  ditdutrging 
'  represented  in  Fig.  375  is  commonly  used  for  this  purpose. 

It  consists  of  two  curved  brass  rods  h  c  and  c, 
whidi  are  raaated  at  e  by  a  hinge.  Each  arm  of 
the  diadbarging  rod  temdnalea  in  a  email  braaa 
ball  b  and  b',  and  is  also  provided  with  an  insu- 
lated handle  m  and  m'.  We  must  touch  one 
nafree  witih  one  of  the  ballsi  and  on  approxi- 
mating the  other  to  the  opposite^  a  spark  of  vivid 
light  will  be  emitted  at  a  certain  distance  with 
d  explosion. 

Ehe  Leydsa  /or  ia  in  principle  nothing  but  a  modification  of 

Franklin's  plate,  and  eonaiate  of  a 

glass  vessel  covered  externally  with 
tin  foil  to  within  a  few  inches  of  the 
rim  i  internally^  the  vessd  is  similarly 
eoated>  or  filled  with  acme  condncting 
substaneey  aa  iron  filings  or  smaBaeed* 
The  inner  coating  is  connected  with  a 
brass  rod  passing  through  the  stopper 
or  eofer  of  the  veead^  and  ending  in 
a  knob.  Figs.  876  and  877  rq»e. 
it  two  forms  of  the  Leyden  jar.  The  part  of  the  glass  that  is 
:  ooverad  must  be  varnished.  To  charge  the  jar,  the  external 
ding  must  be  brought  into  connection  with  the  groond^  and  the 
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knob  with  the  conductor  of  the  machine.  We  mtcj,  hammr, 
levenety,  put  the  inner  coating  into  connection  with  tiie  groondf 
and  connect  the  external  one  with  the  conductor  of  the  madiine. 

Leyden  jars  often  discharge  themselves^  when  either  a  spark  is 
emitted  from  the  external  coating  to  the  metal  rod,  or  the  glass  is 
broken.  In  the  latter  case  the  jar  becomes  of  course  unfit  for 
farther  use.  When  we  use  several  conducting  bodies  to  discharge 
» jar^  the  electricity  wiU  immediately  pass  over  to  the  best  coo> 
doctor.  If  we  pieaa  a  metal  wire  widi  one  hand  to  the  external 
coatings  we  may  with  impunity  hold  the  opposite  end  of  the  wire 
to  the  knob  with  the  other  hand,  the  electric  shock  passing  through 
the  wire  and  not  the  body;  to  eficct  this  the  wire  must  not, 
however,  be  very  thin. 

In  order  to  obtain  a  very  strong  charge,  it  is  necessary  to  use 
very  large  jarsii  either  separate  or  connected  in  one  electric  battery, 
878  rqpieaents  an  apparatus  of  this  kind.   All  the  cxtemsl 

ooatiBgs  of  the  jars  are  in  con- 
nection with  each  other>  aa  wdl 
as  the  inner  coatings. 

When  the  electric  shock  passes 
from  a  Leyden  jar  through  the 
human  body,  it  produces  a  sen- 
sation which  it  would  be  diffi- 
ealt  to  deacribe^  an  invobmtaiy 
convulsion  of  the  nerves.  The 
best  manner  of  trying  the  expe- 
riment upon  oneself  is  to  lay 
one  hand  upon  the  external  coating,  and  with  the  other  grasp  the 
knob.  In  a  weak  discharge,  the  shock  is  only  perceptible  in  the 
fore  part  of  the  arm^  if  it  be  stronger,  we  then  feel  it  in  the  iqpper 
arm^  producing  an  even,  ahaip  pain  in  the  breast^  and  voy  strong 
shodtt  may  prove  dangerous.  Powerful  batteries  are  not  neoea- 
ssry  if  we  want  to  kill  smsller  animals,  as  birds,  hares,  &c.  by  an 
electric  shock,  the  larger  batteries  are  capable  of  destroying  the 
larger  animals.  Anatomical  examinations  of  the  bodies  of  the 
animals  killed  by  an  electric  shock  have  shown  that  there  is  no 
injury  inflicted  on  the  organs ;  the  violent  contortions  exhibited, 
however,  in  the  bodies  where  the  shock  has  not  been  sufficienUy 
strong  to  produce  death,  manifest  the  degree  to  whidi  the  nervous 
system  has  been  aflfected. 
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If  several  persons  form  a  chain  by  holding  each  others  bands, 
all  will  simultaneously  feel  the  shock,  on  the  one  first  in  the  ring 
touching  the  extenial  coating  of  the  jar,  and  the  last  the  knob. 

We  may  ignite  combustible  fluids  much  more  securely  by  aid 
of  a  Leyden  jar  than  by  a  spark  direct  from  the  conductor  of  the 
machine.  Even  pulverised  Colophony^  scattered  over  cotton  wool^  * 
and  gonpoirder  may  be  ignited  by  the  spaika  of  a  discharge  of  a 
Lqrden  jar. 

Hefde^s  general  discharging  rod  represented  in  Fig.  379  is 

nAi  S79. 


very  convenient  in  many  experiments  which  may  be  made  with 
the  Lqrden  jars  and  die  electric  battery.  The  one  arm  is  in 
connection  with  the  external  coating  by  means  of  the  chain  c, 
while  to  the  other  ann  is  secured  another  chain  terminating  in 
the  insulated  hall  h.  If  we  want  the  spark  to  pass  through^  we 
must  take  hold  of  the  insulated  handle  of  the  ball  b,  and  bring  it 
quickly  to  the  knob  of  the  bottle.  The  spark  will  strike  at  b 
between  the  two  balls  d  and  /,  lying  on  an  insulated  plate. 

If  the  balls  d  and  /  be  united  by  a  very  thin  iron  wire^  the 
latter  will  be  heated  on  letting  a  faint  charge  pass  through  it, 
while  a  stronger  charge  will  make  it  red  hot^  and  one  still  stronger 
than  the  former  will  cause  it  to  asunder  in  s^arate  melted 
globulesy  which  will  be  thrown  to  a  great  distance. 

Bad  conductors,  that  interrupt  the  course  of  the  discharge, 
are  broken  in  fragments  or  filled  with  holes,  if  the  accumu- 
lation of  the  electricity  be  sufficiently  considerable.  A  wooden 
disc,  for  instaucCj  from  3  to  4  inches  in  diameter,  and 
£rom  3  to  5  linea  in  thieknessy  is  penetrated  by  the  discharge. 
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The  same  thing  ocean  with  respeei  to  one  or  more  cards,  paste- 
board covers,  &e.   To  make  this  experiment,  we  mnst  plaee  the 

bodies  we  wish  to  penetrate  between  the  balls  of  Henley  s 
discharging  rod,  in  such  a  manner  that  the  latter  may  be  in 
contact  with  the  intervening  bodies. 

The  Condenser, — ^Properly  speakipg,  every  appamtns  in  which 
eombmed  electricity  is  accomnlated  ia  »  condeoaer;  conaeqaeollyj 
the  Franklin  plate  and  the  Leyden  jars  may  be  conaidaed  aa 
eondenaera.  The  term,  however,  ia  generally  limited  to  thoae 
apparatus  that  serve  to  make  electricity,  possessing  a  feeble 
tension,  perceptible  by  condensation.  Condensers  consist  specially 
of  two  conducting  plates,  separated  by  a  non-conducting  medium. 
Passing  by  the  less  perfect  instruments  of  this  kind,  we 
will  here  only  speak  of  the  condenser  used  in  combination  with 
the  gold  leaf  electrometer.  On  thia  last  named  inatromoity  we 
acrew  a  metal  plate  aa  aeen  in  Fig.  880.  The  plate  moat  be. 

smoothly  cut,  and  covered  on  its 
upper  surface  with  a  very  thin  layer 
of  varnish,  composed  of  a  solution  of 
shell  lac  in  spirits  of  wine,  put  on 
lightly  with  a  brush  while  in  a  very 
fluid  state,  on  which  it  will  rapidly 
dry.  We  now  take  a  aeo&nd  plate 
aimilarly  prepared  and  provided  with 
an  insulated  handle,  and  place  its  var- 
nished surface  upon  the  other  plate, 
in  such  a  manner  that  the  metal  plates 
are  mercfy  separated  by  the  thin 
layer  of  wniah,  otherwiae  fitting 
together  as  exactly  as  possible.  Hue 
arrangement  eorresponda  perfectly 
with  the  FranUin  plate,  the  glass 
plate  being  replaced  by  the  thin  shell 
lac  layer,  and  the  plates  serving  as  a 
substitute  for  the  tinfoil  coatings,  the 
only  difference  being,  that  in  this  apparatus  we  may  lift  off  the 
upper  plate  at  will,  while  the  two  coatinga  in  the  Franklin  pkte 
are  immoveable.  Aa  the  insnlatmg  layer  ia  ao  ^ery  thin,  and  the 
plates  consequently  so  close  together,  a  perfect  combination  may 
be  effected.  If  we  bring  the  lower  condensing  plate  into  connection 
with  a  weak  source  of  electricity,  touching  the  upper  plate  with 


Digitized  by  Google 


b  finger  to  dbdiarge     ihe  oondemer  wiD  be  diarged  in  a 

iiilar  manner  to  the  Leyden  jar,  the  external  coating  of  which 
not  insulated^  while  the  inner  one  is  in  eontieetion  with  the 
ndfjctof  of  the  naehuie* 

Hie  wliole  differaiee  Teeto  m  this,  that  at  one  time  we  ha?e  a 

irc  source  of  electricity,  at  another,  one  of  small  electric  tension  ; 
both  caaesy  however^  a  condensation  of  electricity  occurs  in  a 
nikr  waj. 

Wlien  die  eondenamr  ia  charged,  the  nppar  plate  most  be  laieed 

ad  that  as  vertically  as  possible,  so  that  the  contact  between  the 
o  plates  may  be  destroyed  at  the  same  moment  at  all  points),  by 
b  the  lutherto  eombbed  eleetrieity  of  the  onder  plate  will  be 
lerated,  passmg  down  into  the  gold  leaf  platea  and  eannng  them 
diverge.  When  we  come  to  speak  of  galvanism  we  shall  become 
loainted  with  numerous  modes  of  applying  the  condenser. 


CHAPTBB  V. 


£LSCTmiC  laOHT  AND  THS  ICOflOXS  OF  £lJfiGT&IFl£D  BOm£S. 

The  atrepgcat  deetrie  disehaigea  that  can  be  aeenmnhit>ed  in  a 
dy  win  nefer  aSbrd  the  least  appearance  of  li|^t  as  long  as 

state  of  electric  equilibrium  subsists  and  the  electric  fluids 
at  rest.  The  first  requisite  for  the  appearance  of  electric  light 
therefotej,  the  motion  of  the  flnida  mji  a  disturbance  of  the 
inlihRiim.  TUa  eondition  ia  ahraya  indispensable^  but  by  no 
lans  sufficient,  it  being  necessary  besides  that  the  tension 
ecting  the  electric  discharge  should  be  adequately  great, 
iiilaty  for  inataBeey  the  electricity  of  a  leaa  powerful  nMy^Kin^  can 
SB  dttoiid^  a  nMial  wire  into  the  groond,  withoat  any  light 
ing  visible  in  the  dark,  we  may  see  the  wire  of  a  strongly 
arged  machine  surrounded  by  a  luminous  brightness.  The 
isiou  necessary  to  produce  electric  light  dqpenda  upon  the 
adilioiiy  Ibfm  and  eondoetibility  of  the  medium  throng^  whidi 
e  eleetrieity  must  pass.  Weak  tension  will  often  afford  a  bright 
ht,  while  in  other  cases  the  strongest  tensions  are  insufficient  to 
'  C  the  least  manifestation  of  light.  w 
Eieetrie  Ugfii  mike  air  mud  m  etim  gaae»  wider  the  preemtrt  ef 
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the  aiimuphm,—The  dktanoe  at  wbieh  a  spark  ean  be  dnwn  fr 

an  electric  body,  depends  upon  the  conductibility  of  the  substance, 
the  size  of  the  surface  and  the  power  of  the  electric  charge. 
Electricity  flows  spontaneously  from  angular  bodies  and  points 
even  under  very  weak  tension^  and  we  may  in  the  dark  obaerve 
glittering  brushes  of  light,  several  inches  in  length.  A  yery  strong 
charge  is  necessary  to  make  round  bodies  enut  ^larks  spontaneon^ 
if,  however,  we  Inring  them  near  a  conductor  conneiBted  with  the 
earthy  sparks  wiU  be  emitted  under  some  circumstances  to  a  great 
distance,  forming  a  zigzag  line  like  the  course  of  lightning. 

In  order  to  multiply  the  sparks,  it  is  necessary  to  interrupt  the 
conductor  by  which  the  electricity  passes  to  the  earth,  and  by  this 
means  many  striking  effects  will  be  produced. 

We  may  by  means  of  metal  beads  (strung  upon  a  siUc  threai^ 
but  sepan^  some  millimetra  from  eaeh  other  by  knota),  Ibna 
cyphers  and  figures  of  various  kinds,  wbicb  will  continue  to  abnie 
as  long  as  we  turn  the  machine,  from  whose  conductor  electricity 
passes  through  this  chain  into  the  ground. 

Lightning  conductors  are  glass  tubes,  on  which  rhomboidal  shaped 
lgl^        plates^  covered  with  tinfoil,  are  placed  in  the 
order  represented  in  Fig.  881.    They  aie 
generally  laid  oh  in  such  a  manner  as  to  pass 
no.  982.       round  the  tube  like  a  progressive  screw  line. 

If,  while  we  are  holding  the  one  end  of  such  a 
tube  in  the  hand,  we  bring  the  other  near  the 
conductor  as  the  machine  revolves  we  shall 
the  dark  see  sparks  continuously  pass 


in 


between  every  two  plates,  so  as  to  appear  like 
one  connected  line  of  light  i^n  the  tube. 

A  hghining  plate  is  represented  in  lig.  882. 
A  row  of  stripes  covered  with  tinfoil  are  glued 

upon  a  glass  plate,  as  showTi  in  the  Figure,  so 
that  a  metalUc  line  of  connection  goes  from  a  to 
jr,  provided  it  is  not  interrupted  at  the  spots 
Biari^ed  with  small  crosses.  If  we  bring  jr  into 
oonneetion  withthefiztenialcoatingof  aLeyden  jar,  and  then  eata* 
blisb'a  oonneetjon  between  a  and  the  knob  of  the  jar,  spadn  wiU 
be  evolved  at  the  places  where  the  connecting  line  is  interrupted. 
We  may  in  this  manner  represent  cyphers  and  all  kinds  of  figures. 

These  devices  may  be  altered  in  a  great  many  di&iicnt  ways;  the 
foUowing  examples  must,  however,  suffice* 
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The  brush  of  lip^ht  observed  in  tlie  dark,  on  placing  npon  the 
iductor  of  the  electrifying  machine  a  point  from  which  the 
cteidty  may  flow,  is  rqireaented  in  Fig.  888.    Negative  dec- 
ww,  9es.       tncity  never  gives  sodi  divergent  and  large  brashes 
of  light  as  the  positive.    This  remarkable  pheno- 
menon is  very  deserving  of  attention^  as  it  appears 
to  afford  a  characteristic  difference  by  whidi  we 
may  define  the  two  deetrie  flnidB. 

On  bringing  a  metal  point  near  the  conductor 
of  a  machmc  with  the  hand,  we  observe  this  brush 
light. 

nie  eketrie  spaik  of  the  madiine  is  very  bright  in  eon- 
ised  atmospheric  air^  white  and  intense  in  carbonic  add  gas^ 
and  faint  in  hydrogen,  yellow  in  steamj  and  of  an  apple-green 
our  in  ether  and  alcohol. 

Hie  phenomena  of  lij^t  evotved  firom  the  eleetricity  of  a  machine 


a  trooy  although  Mnt  image,  of  the  deetrie  atmosphericd 

•nomena  exhibited  in  thunder-storms. 

tllectric  light  in  rarefied  air. — If  a  glass  tube,  several  feet  in 
gthj  and  pfovided  at  bodi  extremitiea  with  metal  caps;,  be 
lansted,  and  the  one  end  be  eonneefced  with  the  conductor  of 
!  machine,  and  the  other  end  with  the  ground,  we  shall  sec  a 
id  hght  within  the  tube.  As  the  dcctricity  in  the  rarefied  air 
«ts  with  only  a  weak  lesisUmee,  it  estenda  thnrnghoot  the  whole 
K,  marking  its  passage  by  flashes  of  hght.  If  the  connection 
sufficiently  maintained,  the  light  will  appear  fixed  and  of 
ifurm  outline,  but  as  soon  as  a  conducting  body  is  brought 
vards  it  fiom  without,  it  will  be  drawn  towsrds  it,  and  will  at 
» same  time  become  brighter. 

We  generally  take  tubes  several  inches  in  thickness  for  these 
>eriments.    A  somewhat  differently  formed  apparatus  is,  how- 
ar,  represented  in  Kg.  884^  this  being  an  dliptically-shaped 
no.  384.  g^iasB  Tcssd.   At  tiio  two  ex- 

tremities are  metal  fastenings, 
one  of  which  has  a  cock,  which 
may  be  screwed  on  to  an  air- 
pnmp.  The  fiwtening^  or 
cap,  on  the  other  side^  is 
ovided  with  a  leather  box,  through  which  passes  the  metal  wire 
minating  in  the  knob  b*,  whidi  may  thus  at  will  be  drawn 
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nearer  to  b.   Whoi  the  air  has  been  qnite  edmnsted  from  ^e 

apparatus^  the  electricity  can  easily  pass,  and  fill  the  whole 
vessel  with  light.  If  a  little  air  be  suffered  to  enter 
through  the  cock,  the  light  will  be  less  diffuse,  form- 
ing pnipliah  arcs  of  light  between  b  and  ^^  The 
moie  air  we  admit,  the  more  the  eqiansion  of  theae 
appearanoea  of  li^^  will  dhniniah,  approadiing 
more  and  mm  to  the  form  of  the  ordinary  deetne 
spark. 

Electricity  likewise  exhibits  phenomena  oi  li^t 
in  the  Toricellian  vacuum. 

Picard  first  remarked,  on  making  the  mercury 
oaeillate  up  and  down,  that  a  barometer  was  lumi- 
nooa  in  the  dark,  and  he  waa  aoon  oonvinoed  that 
this  phenomenon  depended  npon  die  eleetricity 
developed  by  the  friction  of  the  mercury  on  iSbe  sides 
of  the  tube.  Cavendish  constructed  the  double  barometer,  Fig.  385, 
to  observe  electric  light  in  the  Toricellian  vacuum  ;  its  application 
will  be  understood  without  further  explanation. 

Motions  prodneed  by  the  ducharge  electricity. — As  the  pheno- 
mena of  attraetion  and  r^radsion  have  already  been  deaoibed, 
it  only  remaina  fbr  na  to  make  a  few  renunka  npon  the  molioiia 
oeeaaioned  by  eleetricity.  A  metal  rod  t  t',  carved  aft  both 
extremities,  in  opposite  directions,  is  placed  on  a  conducting 
point  cpj  Fig.  386,  in  connection  with  the  conductor  of  the 
Fi«  386  i^^^^^^i  ^  ^  manner  that  it  can  easily  place 
itself  in  equilibrium,  although  at  the  same  time  it  can 
jnst  aa  easQy  torn  in  a  hofiaontal  j^ane  vcpoa  the 
pdnt.  Snch  an  apparatoa  is  termed  an  deeirie  ff* 
wked.  Am  soon  as  the  maehine  ia  tnmed,  the  whed 
begins  to  rotate,  and  when  observed  in  the  dark,  the 
electricity  will  be  seen  to  fiow  from  the  points  in  the 
forms  of  brushes  of  light. 

This  motion  is  produced  by  the  discharge  of  the 
electrie  fluid  from  the  pointi^  and  ooRtwponda  entiidy  to  the 
phenomena  exhibited  by  the   rotation  of  Segntf^e  water-. 


wheel. 


Motions  occasioned  by  electrical  re-action. — The  legs  of  frogs, 
when  suspended  in  the  vicinity  of  the  conductor  of  an  electrifying 
machine,  do  not  appear  to  experience  any  change ;  i^  by  the  turn- 
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3B9.    iBgotf  the  BiaAifift,  the  ocmdoctor  c  be 

poaitive  electricity,  they  will,  homver,  beeome 

electric  by  indue tiou,  the  attracted  —  electricity 
^   accumulating  at     and  the  repelled  +  electxicity 
aieapu^;  uto  the  groand  by  the  whfe  a.  Aaeoonaa 
we  draw  a  spark  from  the  oonduetor     the  aodden 
ve-nnion  of  the  two  electricities  will  produce  con- 
tortions in  the  frog's  leg^  a  ])roof  that  on  a  return  to 
DatOTttl  eonditioii,  the  nudeeaka  of  the  bodiea  aie  aftoted  by 
prceeoie  of  Ae  cJeetrie  fluids  striving  to  le-miHe.  These 

L  t8  are  designated  by  the  term  of  re-action.    The  experiment 
.  be  tried  to  no  purpose  on  a  frog  that  has  already  been  killed 
or  nzhoui^  but  it  will  soceeed  ray  well  with  cue  immediately 
r  it  lias  been  kiDed,  or  better  stiU  wtth  the  liv^ 

n  the  vicinity  of  a  powerful  machine,  even  a  man  wiU 
sive  similar  shocks  when  standing  in  communication  with  the 
«nd.  The  discharges  of  thunder-douda  aet  in  like  manner^ 
t  ii^  by  a  direct  ahod^  and  by  le-action. 


PART  m. 

GALVANISM. 


CHAPIE&  I. 

KucmciTT  or  oontacy,  anb  om  thb  oaltanic  oibgvit. 

In  the  year  1789,  Galvani  made  a  discovery  at  Bologna,  by 
ich  a  new  field  was  opened  to  Physics.  This  discovery  was  the 
iwation  of  the  seenoingly  unimportant  £Mst,  that  the  freshly 
spared  limbs  of  frogs,  suspended  by  copper  hooks  to  an  iron 
^,  were  convulsed  as  often  as  the  muscles  of  the  thigh  were 
3ught  into  contact  with  the  iron-railing  by  the  wind,  or  any  other 
iise.  The  ec^iper  hook  waa  in  eontaet  with  the  crural  nenre. 
It  was  at  first  supposed  that  this  phenomenon  eouU  be  eiplained 
the  eiiatence  of  a  kind  of  nervou^i  duid^  similar  to  the  electric 
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fluid ;  the  orguiic  body  was  regarded  as  a  kind  of  Leyden  jar 
with  respect  to  Uiis  fluids  the  nerves  serving  as  the  coating  on  tlie 

one  part,  and  the  muscles  on  the  other.  A  discharge  ought  to  take 
place  as  soon  as  the  nerves  and  muscles  were  brought  in  connect- 
ing communication  with  each  other,  as  seen  in  the  experiments  of 
Gahani,  with  the  copper  hooks  and  iron-raihngs. 

Alexander  Voiia  repeated  with  unwearied  attention  the  experi- 
ments of  GahmU,  and  soon  fonnd  that  a  circomstance  had  hitherto 
been  wboQy  overlooked  in  the  experiment,  which  was  very  essen- 
tial to  its  success.  For  instance,  to  obtain  a  strong  effect  it  was 
indispensable  that  the  circuit  of  connection  between  tlic  nerves  and 
muscles  should  consist  of  two  different  metals  in  contact  with  each 
other.  He  made  the  experiment,  as  r^reaented  in  Eig.  388.  One 
no.  888.  part  srof  the  connection  is  imc,  the  other 

k  copper.  Both  metals  must  have  a 
pofect  metallic  snzftce  at  the  place 
where  they  come  into  contact  with  each 
other,  and  where  they  touch  the  Imib  of 
the  frog.  Volta  concluded  from  his 
experiments,  that  the  leg  of  the  firog  was 
not  to  be  regarded  as  a  Leyden  jar ;  that 
the  fluid  acting  here  was  not  developed 
cither  in  the  nerves  or  muscles,  hut  by  the  contact  of  the  two 
metals,  and  that  it  was  perfectly  identical  with  the  commmi  electric 
fluid.  These  views  were  contested  by  Galvani  and  his  adherents, 
each  party  seeking  to  confirm  the  correctness  of  his  theory  by 
new  experiments,  until  at  length  Yolta's  opinions  were  generally 
received  and  adopted. 

JWrecf  proof 9  of  the  deoekprnaU  of  eledrieiiy  hfff  eon/ad.— The 
idea  that  electricity  conld  be  devdoped  by  tiie  mere  contact  of 
heterogeneoas  bodies  only  gained  credit  by  degrees,  the  severity 
of  science  requiring  direct  and  convincnig  proofs ;  these  were, 
however,  soon  afforded  by  Volta,  by  the  aid  of  an  apparatus 
invented  by  him  some  years  previously,  viz.,  the  conductor  with 
which  we  have  already  become  aoqnainted.  The  experiment  he 
made  is  condiicted  in  the  following  manner.  After  having  ascer- 
tained that  the  condenser  screwed  to  the  gold-leaf  ^ctromotor. 
Fig.  889,  win  hold  a  charge  well,  and  after  restoring  it  to  its 
natural  state,  we  place  with  the  other  finger  the  upper  plate  in 
connection  with  the  grouiul,  while  the  other  plate  is  touched  by  a 
piece  of  sinc^  also  in  connection  with  the  ground,  by  being  held  in 


Digitized  by  Google 


OALTANISM. 


861 


Via,  389. 


the  otlier  hand.  It  foUowiy  of  conne,  that  the  tiuAiees  of  the 

plates  of  the  oondeiuer  most  not  be 
varnished  ^here  they  are  not  in  con- 
tact with  each  other,  otherwise  there 
could  be  no  iiietalHc  contact  between 
the  zinc  and  the  brass  (which  is 
almoBt  the  same  in  this  case  as  pure 
oq^per)  of  one  of  the  plates  of  the 
condenser.  If  we  now  withdraw  the 
finger  from  the  upper,  and  the  sine 
from  the  lower  plate,  after  the  contact 
has  lasted  for  a  minute  or  so,  and 
then  lift  off  the  upper  plate  of  the 
eondenser,  we  ahall  perceive  a  decided 
divergence  of  the  gold  leaves.  Whence  comes  this  electricity  ?  It 
can  evidently  arise  only  from  the  contact  of  the  sine  and  copper  of 
the  lower  plate  of  the  ccmdenser ;  here  there  is  an  especial  force  at 
work^  to  separate  the  fluids  and  put  them  into  motion ;  the  positive 
electricity  will  pass  to  the  zinc,  and  from  thence  into  the  ground, 
while  the  negative,  on  the  contrary,  will  be  driven  to  the  lower 
brass,  or  copper  plat^  and  combined  there,  while  it  acts  decom- 
posingly  upon  the  upper  plate.  If  now  the  latter  be  raised  up, 
ihecombined  — dectridty  in  the  lower  plate  can  diffose 
time  efieet  the  divergence  of  the  gold  leaf. 

If  we  vary  the  experiment  by  touching  the  upper  plate  of  the 
condenser  with  the  zinc,  and  the  lower  with  the  finger,  the  gold 
leaf  will  diverge  with  -f  electricity. 

The  development  of  electricity  by  the  contact  of  different  metala 
may  be  still  better  shown  by  help  of  BoknatJberger^M  electroscope. 
The  accompanying  Fig.  890  represents  according  to  Fednna'M 
viewi^  the  best  form  for  tiiia  instroment. 

In  a  horiiontal  glass  tnbe  there  is 
inserted  a  so-called  dry  or  Zamboni's 
pile,  the  properties  of  which  we 
shall  consider  at  a  subsequent  period^ 
the  glass  tube  is  dosed  at  its  extre- 
mitiea  by  metal  caps,  from  which 
pass  meUd  wires  e  and  /  tenni- 
nating  in  the  plates  «  and  y.  Zom- 
bonVs  pile  has  this  property,  that  one  end  is  always  positively,  and 
the  other  negatively  el^tric,  consequently  one  plate  x,  for  example. 
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will  always  be  charged  whb  — ,  and  the  otfaer 

tricity, 

A  Zambom^s  pile  of  this  kind  is  fixed  in  a  wooden  box,  Fig. 
391,  in  the  upper  part  of  which  there  is  an  aperture  for  the 
passage  of  the  poles  x  and  y. 

If  now  we  suppose  a  piece  of  gold 
leaf  suspended  midway  between  theae 
poles  it  will  lemain  at  rest,  being 
equally  strongly  attraeted   by  both 

poles;  on  charging  it  slightly  ^-ith 
positive  electricity,  it  will,  however, 
draw  nearer  the  negative  pok^  and,  vice 
versa,  it  will  approach  the  positive  pole 
on  being  charged  negatively. 

A  strip  of  gold  leaf  is  anspended 
between  the  two  poles;  and  being 
fastened  to  a  metal  rod  inserted  in  a 
glass  tube  is  insulated  in  the  same  manner  aa  the  rod  to  which 
hang  the  pendulums  represented  in  Fig.  389 ;  here  also  the  gold 
is  within  the  g^ass  vessel  to  prevent  the  disturbing  action  of 
conents  of  air. 

We  may  screw  metal  plates  to  Uie  upper  end  of  the  metal  stem 
holding  the  gold  leaf.  Let  ns  assome  that  a  perfectly  smooth 
copper  plate  of  good  metallic  surface  has  been  screwed  on;  on 
placing  upon  this  copper  plate  a  similar  zinc  plate  with  an  equally 
good  metallic  surface,  a  discharge  will  follow  as  soon  as  we  lift  off 
,the  zinc  plate,  showing  that  the  copper  plate  waa  negiiltMty 
electric. 

If  the  sine  plate  had  been  screwed  on  the  instmmenti  %s 
discharge  towards  the  negative  pole  would  have  Ibllowed  tlie 

removal  of  the  copper-plate,  because  the  sine  had  become  positively 
electrified  by  contact  with  the  copper. 

This  experiment  shows  then  not  only  that  electricity  is  deve- 
loped by  the  contact  of  copper  and  zinc,  (copper  becoming  nega» 
tively,  and  the  zinc  positively  electric),  but  also,  that  the  largest 
amount  of  developed  electricity  remains  combined  at  the  suifiuieB 
of  oontact  between  the  two  metals,  and  that  a  proportionately 
small  part  is  freely  distributed  over  the  metal  plates,  since  the 
discharge  does  not  follow  till  after  the  raising  of  the  other 
plate. 

Such  an  excitement  of  electricity  occurs  ahnost  universally 
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heterogeneooB  substances  come  into  contact  with  each  other^  it  for^ 
niflhesy  however^  some  of  its  most  striking  iUoatrations  with  the 
metab.  The  Qnknown  cnue  of  the  developiiunt  of  eketrieity  by 
the  eoDtact  of  heterogeneoiu  labstanoee  is  termed  the  dedramoiar 

pOW€T, 

Scale  of  TVrwton*.— The  electric  tensions  developed  by  the  elec- 
tromotor force,  and  distributed  over  the  bodies  in  contact^  is 
not  equal  for  all  substances.  Metals  are  good  electromotors,  but 
even  among  them  we  observe  a  great  difierenoe  in  this  respect. 
For  instance^  sine  will  beeome  much  more  strongly  diarged  with  + 
deetriei^  wkok  m  eontaet  with  platinum  than  wkh  copper; 
copper  win  become  negatively  electric  when  brought  into  contact 
with  zinc,  and  positively  so  when  in  connection  with  platinum.  The 
following  table  exhibits  a  series  of  bodies  so  arranged,  that  each 
preceding  one  becomes  positively  electric  when  in  contact  with  ail 
the  succeeding  ones. 

+ 
Zine 
Lead 

Tin 

Iron 

Copper 

Silver 

Gold 

Platinum 

Chaiooal. 

The  electric  difference  between  zinc  and  copper,  and  that 
between  copper  and  ])latinnni,  are  together  equal  to  the  electric 
difference  between  zinc  and  platinum,  that  is,  if  we  lay  a  copper 
plate  upon  a  zinc  plate,  and  a  platinum  plate  on  the  former^  the 
dectrie  tension  of  the  extreme  plates  will  he  precisely  as  great  aa 
if  ^e  platinum  and  sine  plates  lay  immediately  over  each  otiier. 
AD  bodies  in  the  above  given  series  bear  the  same  relation  io  each 
other,  for  if  we  place  three  layers  together,  the  electric  tension  of 
the  extreme  plates  will  always  be  the  same  as  if  they  were  in 
immediate  contact,  and  there  were  no  intervening  plates. 

The  same  holds  good  with  respect  to  4^  6,  or  more  metal  plates 
ranged  the  one  above  the  other,  the  tension  of  the  extreme  plate 
wiU  be  the  same  as  if  there  were  no  intervening  phites.  AH  metals 
•aaome  a  decided  position  in  thia  scale  of  tension ;  ehareoal  being 
in  this  respect,  entirely  similar  to  a  metal,  and  more  electro- 
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negative  than  platinum.  Many  compound  bodies  also  assume 
a  definite  place  in  this  scale,  as  for  instance,  binoxide  of  manganese, 
oxide  of  iron^  sulphuret  of  iron^  sulphurct  of  lead^  &c.;  but  other 
compound  bodies,  as  floidsj  do  not  obey  the  laws  of  sach  a  scale 
of  tensioQ. 

Zinc  will  become  negatively  electric  in  contact  with  pme  water, 
bat  now  if  we  put  water  into  this  seale  of  tension,  we  raust, 

from  its  relation  to  this  metal,  place  it  over  zinc.  If  water  really 
took  this  position,  platinum  would  become  much  more  strongly 
negative  than  zinc  in  contact  with  water.  Experience,  however, 
shows  the  contrary  to  be  the  case,  platinum  becoming  actually 
much  less  negatively  excited  than  sine ;  we  se^  therefora,  that 
water  is  a  body  that  does  not  obey  the  laws  of  ibis  scale  of  tension. 
Dilated  solpharic  acid  exhibits  a  similar  relation,  exciting  sme 
and  copper  negatively,  the  former,  however,  mnch  more  strongly 
than  the  latter  body ;  platinum  and  gold  are  positively  excited  by 
diluted  sulphuric  acid. 

The  peculiar  property  of  many  fluids,  which  .prevents  us  &om 
ranking  them  in  ihe  scale  of  tension^  enables  us  to  produce  a 
stronger  electrie  tension  in  moist  condoctors  by  layers  of  metal 
plates,  ihan  can  be  exdted  by  two  metal  plates  in  contact  with  one 
another ;  we  shall  see  tluB  more  plainly  exemplified  in  the  voitme 
pile,  which  we  are  about  to  consider. 

Construction  of  the  voltaic  pile. — Three  different  bodies  are  used 
in  the  construction  of  the  voltaic  pile :  vix.  two  metals,  and  a  third 
body  having  no  place  in  the  scale  of  tension. 

The  metals  generally  used  are  copper  and  sine,  two  bodies 
remotely  separated  in  the  scale  of  tension;  sine  forms  the  positive 
and  copper  the  negative  element.  A  copper  and  a  snc  pkte  are 
usually  soldered  together. 

The  third  element  of  the  voltaic  pile  is  a  moist  disc,  that  is  a 
piece  of  cloth  or  pasteboard  saturated  with  pure  water^  a  very 
dilute  acid  or  a  solution  of  salt. 

Let  a  Wjppet  plate  which  is  a  negative  dement,  be  placed  m 
connection  with  the  ground  by  means  of  a  copper  wire/  Fig.  882, 
Fio.  392.        an  equally  large  sme  plates  being  laid  apoa 
its  upper  surface,    fiy  the  electromotor  foro^ 
the  zinc  will  become  positively,  and  the  copper 
negatively  electrified ;  but  the  liberated  electri- 
city will  pass  off  into  the  ground,  whilst  there 
will  remain  upon  the  sine  plate  liberated  eke- 
tricity,  hedensity  of  which  wiU  depend  upcmtiie  electric  difiereoce 
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between  copper  and  sine.   If  we  assnnie  this  density  as  a  unity, 

we  may  say  that  under  these  circumstances  the  density  of  the 
hberated  electricity  upon  the  copper  is  0,  while  liberated  + 
electricity  of  the  density  1  distributes  itself  over  the  zinc.  If  now 
by  any  means  a  portion  of  the  liberated  electricity  were  withdrawn 
fipom  the  sine>  so  that  its  density  became  less  than  1,  the  loss 
-f  deetrics^  experienced  by  the  sine  plate  would  be  immediate^ 
oompensated  for  by  the  deetromotor  fatee,  while  anr  amonnt 
of  —  eketridty,  folly  equal  to  the  newly  developed  +  electrieity 
passing  to  the  zinc  plate,  would  be  communicated  to  the  copper 
plate,  and  thence  to  the  ground.  We  must  now  lay  a  piece  of  moist 
eloth  upon  the  zinc.  Let  us  then  assume  for  the  sake  of  simpli- 
fying the  matter,  that  this  eararciaea  no  electromotor  force  when  in 
eontaet  with  zinc,  aeting  merely  as  a  condnetor,  then  a  poftim  of 
IflMfated  +  ekebidty  will  pass  hsm  the  sine  to  the  moist  doth, 
the  loss  bemg,  however,  immediatdy  supplied,  so  that  the  density 
of  the  liberated  +  electricity  on  the  zinc  will  remain  at  1,  while 
the  liberated  -f-  electricity  of  the  density  1  will  likewise  distribute 
itself  over  the  damp  cloth.  If  then  a  copper  plate  be  again  laid  on 
the  moist  piece  of  cloth,  +  electricity  will  then  distribute  itself  over 
it,  and  attain  a  density  1.  We  shall  now  have,  therefore,  on  the 
vnder  eapper  plate  a  density  of  0,  and  +  deetridty  of  a  density 
as  1  on  the  sine  plate,  the  moist  doth  and  the  npper  copper  plate. 
'  If  we  lay  a  zinc  plate  upon  the  npper  copper  plate,  the  former 
will  be  charged  with  free  +  electricity  of  the  density  1,  even  if 
there  be  no  electromotor  force  at  work ;  the  electric  difference 
between  copper  and  sine  will,  however,  remain  still  the  same, 
bettig  aeoQrdmg  to  our  previons  diowing  always  =  1 ;  if,  therefore, 
the  upper  copper  plate  have  +  ekctncity  of  the  density  1,  the 
density  of  the  +  deetridty  on  the  superposed  suie  plate  must 

In  the  same  manner,  we  may  further  conclude,  that  on  laying 
upon  the  second  zinc  and  copper  layer  another  moist  cloth,  and 
then  again  a  copper  and  zinc  plate  in  the  same  order,  the  copper 
being  above  the  zinc  plates,  the  density  of  the  liberated  +  elec- 
tricity on  this  third  layer  will  be  s  3« ,  If  ve  oontinne  to  pile 
the  dementa  in  the  same  order,  namdy  copper,  rinc  and  moist 
piieoes  of  doth,  the  freed  +  deetricity  upon  the  4th,  6th  .  •  •  100th 
zinc  plate  will  have  a  density  =  4,  5  ...  or  100. 

The  above  described  arrangement  is  called  the  voltaic  pile  from 
the  name  of  its  inventor^  and  is  represented  in  Fig.  393,  as  consist* 
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ing  of  20  pairs  of  plates.  The  stand  is  made  of 
dried  wood,  the  pillars  supporting  the  pile,  of  glass. 

The  one  end  of  the  pile  is  called  the  zinc  end, 
from  the  plate  terminating  the  aeiiea,  or  alao  the 
potUke  poU,  and  the  other  ia  the  capper  or 
ike  pole.  In  the  previonaly  deacribed  arrange- 
ment,  the  negative  pole  waa  in  eonnection  witli 
the  ground,  the  positive  one  insulated,  while 
H-  electricity  was  distributed  over  the  whole  pile, 
the  density  increasing  from  below  upwards  accord- 
ing  to  our  considerationB*  If  ihe  negative  pole  be 
insulated  and  the  poaitiTe  one  pnt  into  conneetioB 
with  the  ground,  the  denaity  of  tlie  fiberated 
deetridty  upon  the  one  end  will  be  0,  whibt 
—  electricity  will  be  distributed  over  the  whole 
pile,  its  density  increasing  towards  the  copper 
end. 

Tke  mtulated  pile. — Let  us  assume  that  we 
have  one  pile  eonatating  of  100  doable  plates^ 
whoae  negative  pole  ia  in  oooneetion  widi  the 
ground,  and  another  precisely  shnOar  to  the  ftrmer,  with  the 

exception  of  its  positive  pole  communicating  with  the  ground.  If  now 
we  put  the  two  piles  together  in  such  a  manner  that  by  the  inter- 
position of  a  piece  of  wetted  cloth,  the  two  discharging  poles  may 
touch  each  other  (that  is  the  4  pole  of  the  one  pile  and  the  —  pole 
of  die  other)  we  shall  have  a  single  pile  of  200  double  pktea,  the 
hahea  of  whidi  will  be  atill  in  the  same  condition  aa  before ;  even 
on  interrapting  the  eondneting  eommnnieation  with  the  ground. 
The  middle  win  be  consequently  in  its  natural  condition  even  when 
the  connexion  with  the  earth  has  ceased.  The  one  half  will  be  posi- 
tively, and  the  other  half  negatively  charged,  the  strength  of  the 
duurge  increasing  from  the  middle  towards  the  polea.  The  electric 
tension  at  each  pole  will  be  precisely  the  same  aa  at  the  iniii* 
lated  pole  of  a  pUe  of  100  doable  phvfceay  where  the  oppoaite  pole 
haa  heea  coimeeted  with  the  groond.  If  we  diatorb  tiiia  eqai- 
librinm  by  taking  away  a  portion  of  electricity  from  one  pole,  the 
tension  will  be  diminished  here,  while  it  will  increase  at  the 
opposite  pole,  and  the  point  of  the  pile  still  in  a  natural  condition 
will  be  moved  more  and  more  from  the  mid41e  towarda  the  pole 
from  which  electricity  has  been  withdrawn.  If,  however,  the 
whole  pile  remaina  inaolated,  the  former  condition  will  be  gradoaUy 
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restored,  that  is  to  Bay,  the  condition  of  equilibrium  gradually 
return  to  the  middle,  because  there  will  be  constantly  a  larger  dis- 
charge of  electricity  passing  from  the  more  strongly  charged  pole. 
Electric  equilibrium  is^  therefoie^  restored  in  each  thoroughly 
mrakted  pile  in  such  a  manner  that  the  middle  is  in  a  natural 
eondhion^  while  the  two  halves  are  charged  with  opposite  elec- 
tricity, the  density  of  which  increases  fnm  one  pair  of  plates  to 
th.e  other  towards  the  poles. 

T7te  closed  pile. — As  the  two  poles  of  an  insulated  pile  are 
always  sources  of  opposite  electricity,  it  is  clear,  that  if  we  join 
to  each  pole  a  wire,  each  of  these  wires  will  become  charged 
with  the  electricity  of  its  pole.  We  thus  procure  a  posi- 
tive and  a  negatively  charged  oondnetor^  if  the  two  oondncton 
be  brooght  into  contact  with  each  other,  a  eenttmt  re-union 
of  the  electricities  developed  in  the  pile  must  take  place.  This 
is  shown  in  Fig.  393.  On  bringing  the  two  wires  (often  called 
the  two  poles)  within  a  short  distance  of  each  other,  we  see  an 
uninterrupted  current  of  sparks  pass  from  the  one  to  the  other. 

If  we  bring  the  two  conducting  wires  into  immediate  contact  with 
each  other,  that  isy  if  we  ekwe  the  circiiity  the  passage  of  flparln  w^ 
oease^  although  all  dectrical  action  will  not  be  iHioUy  destroyed  on 
that  account.  Blectricity  is  continuously  devekyped  in  the  pile, 
and  a  reunion  of  the  electricities  separated  in  the  pile  is  con- 
tinuously taking  place  at  all  points  of  the  closing  wire.  While 
everything,  therefore,  appears  at  rest  externally,  there  is  internally 
continual  activity  and  motion* 

Thia  electric  eiinait  is  capable  of  producing  vevy  poweiful 
efieeta  upon  the  nerves,  of  making  metal  wires  red  hot,  the 
magnetie  needle  deviate,  and  of  occasioning  chemical  decomposi- 
tions. We  shall  soon  proceed  to  the  consideration  of  some  of  these 
actions. 

The  dry  pile. — In  dry  piles,  the  electromotors  are  likewise  metallic 
substances ;  but  the  conducting  medium  separating  every  two  pairs 
if  not  a  fluid,  but  some  aolid  body,  which  is  either  perfectly 
cby,  or  only  partially  damp.  Among  the  difoent  apparatos  of 
this  land  that  have  successively  been  suggested,  that.of  Zambam 
appears  the  most  efficacious.  On  a  piece  of  common  writing 
paper,  exactly  as  moist  as  it  would  be  if  left  to  itself  in  damp 
weather,  we  tix  with  gum  or  starch,  on  one  side  silver  leaf 
(sine),  while  we  rub  finely  pulverised  manganese  (binoxide  of 
manganese)   on  the  other  with  a  cork;  several  sheets  of 
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paper  thus  prepared  are  then  laid  over  one  another,  and  cut  with 
a  stamp  into  round  pieces  from  10  to  15  lines  in  diameter.  Piles 
of  from  1000  to  2000  doable  plates  are  now  made  from  these 
found  diiCB^  which  mnst^  however,  be  caiefolly  piled  up  in  the 
same  order,  eo  that  the  smc  sides  aie  bH  turned  eidier  iqnrards  or 
downwaids.  The  pile  must  be  compressed  in  order  to  seeine  a 
pei€ect  <K>nnection  between  the  metal  plates,  after  soffieiently 
strong  metal  plates  having  3  or  4  projecting  parts  have  been 
attached  to  the  extremities,  and  joined  together  with  silk  cords. 
The  pile  is  rubbed  over  with  melted  sulphur  or  sheU-lac  to  protect 
it  from  the  influence  of  the  weather. 

We  may  also  form  these  dry  piles  from  gold  and  silver  Tpteptx, 
For  this  purpose  we  glne  together  on  the  paper  sides  a  sheet  of 
fictitious  gold  leaf  (copper),  and  a  dieet  of  fietitioas  silver  leaf  (tin), 
eo  that  we  obtain  a  piece  of  paper  covered  on  the  one  side  with 
copper,  and  on  the  other  with  tin.  From  the  paper  thus  prepared 
the  discs  arc  cut. 

Properties  of  the  dry  pile. — A  Zambim^s  pile  of  2000  plates  is 
nnable  to  give  the  Imt  shocks  or  produce  the  least  diemical 
deeomposition,  notwithstanding  that  its  poles  show  a  maAed- 
tension.  Even  a  pile  of  100  or  800  double  plates  prodnees 
divergence  in  a  gold  leaf  electromotor  without  the  use  of  a  con- 
denser ;  and  to  effect  this,  it  is  only  necessary  to  hold  one  pole 
in  one  hand,  while  we  touch  with  the  other  hand  the  plate  or  the 
ball  of  the  electromotor.  We  obtain  a  very  cousiderable  diver- 
gence with  piles  of  from  800  to  1000  double  plates. 

If  we  tonch  one  oostmg  of  a  Franklin  plate  with  the  pole  of 
Bueh  a  pile  whilst  the  other  pole  is  connected  with  the  fprmmd^ 
we  may  often  succeed  in  imparting  so  strong  a  charge  to  the  plate 
as  to  cause  the  emission  of  a  spark  by  its  discharge. 

If  both  poles  of  the  pile  be  insulated,  the  opposite  electricities 
will  soon  accumulate  in  equal  proportions  at  the  poles ;  the  tension 
increasing  here  until  the  qusntity  of  electricity  lost  by  each  pole  in 
a  given  tune  throng^  the  action  of  the  atmoqihere  is  equal  to  the 
qusntity  again  imparted  in  the  same  space  of  time  to  iine  pole  by 
the  pile.  From  this  moment  the  tension  at  the  pdlm  remaina 
constant.  If  now  the  air  be  more  moist,  the  electric  loss  at  the 
poles  will  amount  to  a  larger  fraction  of  the  electricity  accumulated 
there,  whilst  the  amount  of  electricity  conveyed  to  the  pole  will 
reniain  the  same ;  hence  it  follows  that  the  tension  at  Uie  poles 
must  be  less  in  damp  aur  than  in  a  dry  state  of  the  atmosfdiere. 
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If  weurrange  two  Zambmi^9  pOes  nde  by  side^  in  such  a  manner 
that  the  positive  pole  of  the  one,  and  the  negative  pole  of  the  other 
is  directed  upwards,  a  light  pendulum  must  constantly  oscillate 
between  the  two  poles.  On  this  principle  is  grounded  the  so-called 
perpetual  motion. 

A  piece  of  gold  leaf  socpended  between  two  Zambon^e  piles,  will 
incliiie  first  towardi  one  and  then  towards  the  other  pole,  provided 
it  be  bat  fe^ly  charged  with  either  kind  of  electricity.  Instead 
of  the  two  vertical  piles  we  may  make  use  of  a  horizontal  one, 
whose  poles  are  connected  by  means  of  conducting;  wires  with  two 
metal  plates  standing  opposite  to  each  other,  and  thus  we  shall 
obtain  the  apparatus  described  at  pages  361  and  362. 

Different  form  of  the  galvanic  mreuit* — All  apparatus  serving 
to  prodnee  a  continual  deetric  current  are  termed  galvanic  dr- 
cuitB«  Tliey  are  generally  oonstrocted  of  two  metals  and  one  flnid. 
The  voltaic  pile  formerly  described  was  the  first  apparatos  of  the 
kind ;  the  form  offers  however  many  objections.  The  lower  layers, 
for  instance,  are  more  strongly  compressed  by  the  weight  of  the 
upper  layers,  the  damp  discs  are  thus  dried  while  the  fluid  escapes 
at  the  side  of  the  pile ;  by  which  means  a  conducting  communica- 
tion is  established  between  the  separate  pairs  of  plates  highly 
injnrums  to  the  combined  effect  of  the  whole. 

Tlie  Ihntgh  tgiparaiiu,  which  was  in  nse  for  a  longer  period  is 
represented  at  Figs.  894  and  895.   The  separate  elements 


no.  394. 


WW,  395. 


of  rectangular  plates 
of  copper  and  zinc 
soldered  together. 
They  are  laid  in 
pardlel  rows  in  a 
wooden  case  b  b', 
whose  inner  walls 
are  covered  with  a 
non-conducting  coat  of  resin ;  the  pairs  of  plates  being  so  inserted 
that  the  intervals  between  every  two  form  cells  or  troughs,  which 
are  filled  with  acidulated  water.  This  layer  of  water,  about  3  lines 
in  thickness,  supplies  the  place  of  the  moist  pieces  of  doth* 

In  other  galvanic  apparatus  the  fluid  is  put  into  separate 
vessels  or  glasses  ranged  drcolarly  or  in  a  straight  line.  Each 
glass  contams  one  nnc  and  one  oopper-plate  not  in  contact  with 
each  other,  while  every  sine  plate  is  connected  with  the  coppcr- 

B  B 
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plate  of  the  preeeding  glass  by  a  copper  wire  or  copper  band.  To 
this  dasB  belongs  oiqpeGislly  WolUuUm'a  battery.  To  undentand 
the  ooEBtmctbn  of  this  apparstosy  we  must  first  oonsider  two 
double  plates,  of  which  a  side  view  is  represented  in  Vig.  396^ 

and  a  £rout  one  in  Fig.  397.    The  copper  band  c  «  is  soldered 


nOb  896,  vra.  197. 


to  the  sine  plate  « «  at  «;  c' is  the  second  hand  of  copper 
soldered  at  s'  to  a  second  sine  plate.  The  copper  hand  e's'  ia 
connected  with  a  copper-plate,  which  is  entirely  carved  roond 

the  first  zinc  i)late  without  touching  it. 

A  similar  copper  ])late  passes  round  the  second  zinc  plate,  being 
connected  with  the  wire  of  the  negative  pole.  Each  pair  of  plates 
is  immersed  in  a  vessel  filled  with  acidulated  water.  The  first 
zinc  plate  becomes  +  electric  when  bioi||^t  into  contact  with  the 
band  of  eofiper  e  this  +  charge  passes  through  the  fl^oid  to  the 
copper  plate  which  sorronnds  the  sine  plate  without  toadiing  it, 
and  fffsm  this  copper  plate  through  the  band  of  copper  to  the 
second  zinc  plate,  &c.  This  arrangement  has  great  advantages  : — 
1.  A  copper  surface  is  opposed  to  the  two  surfaces  of  each  zinc 
plate ;  2.  The  stratum  of  intervenous.  liquid  through  which  the 
electricity  passes  from  a  zinc  plate  to  the  next  copper  plate,  is 
extremely  thin ;  and  8.  From  Uie  considerable  qnantity  of  liquid 
in  each  vessel^  its  nature  is  not  so  rapidly  altered,  as  is  the  case 
with  the  dry  apparatus,  whose  activity  soon  diminishes.  Fig. 
898  gives  a  side,  Fig.  399  a  front  view  of  a  complete  JVolluston*8 
battery,  and  Fig.  400  the  ground  work.  The  whole  number  of 
pairs  of  plates  is  fixed  to  a  wooden  frame,  so  that  they  may 
all  be  dipped  simultaneously  into,   or  taken  out   of  the 
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qnid.  Water  is  the  liqnid  generally  used,  to  wluch  -^ik 
ilf^Mni  mmif  and  nteie  addi  is  mUti.  The  nnmbear  of 
airs  of  phtM,  and  their  surface  required,  depend  upon  the 
urposcs  to  which  the  voltaic  apparatus  is  applied.  Many 
henomena  may  be  prodMed  with  a  battery  of  many  pairs  of 
nail  me,  oAen^  agn^  iequke  a  ngk  pair  oify,  but  of  oon- 

nd  with  perfect  aetaDie  contact 


m.  890. 
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The  simple  circuit  shown  in  Figs.  401  and  402,  is  used  for  such 
xperimeuta  as  require  a  large  quantity  of  electricity  in  motion. 

Fie.  401.  m  •  ^^e^  ^ 

C  is  a  vessel  Inrmed  of  two  cyliaden 

of  copper  sheeting  of  different  dia- 
meters, the  one  placed  within  the  other, 
and  so  arranged  that  the  ipaee  in- 
tervening between  thetwomajbefiOed 
by  the  zinc  cylinder  z,  and  the  acidu- 
lated water.  A  copper  wire  ending  in  a 
cop  containing  mereniy  ia  aoldeied  to 
hb  buc  cylindor.  A  similar  meteory  ei^>  is  atkaebed  to  the  copper 
vessel.  In  placing  the  zinc  cylinder  within  the  copper  vessel,  care 
must  be  taken  that  the  zinc  docs  not  come  in  contact  with  the 
X)pper*  This  is  most  easily  prevented  by  means  of  pieces  of  cork, 
[f  we  wish  to  complete  the  eireoit,  we  must  connect  the  mercoiy 
aups  by  a  melalBe  wire.  This  apparatns  has  this  advantage  that 
It  enables  the  zinc  to  be  very  conveniently  cleaned. 
Hart^M  Caiorimotor  represented  in  Figs.  403  and  4Mi,  is  used 
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no.  404. 


where  we  have  to  aet  upon  a 

large  surface  of  metal  plates. 
On  a  wooden  cylinder  b,  about 
8  inehes  in  diameter^  and  from 
a  foot  to  a  foot  and  a  half  in 
height  there  are  two  plates,  one 
ofiineandthe  other  of  eopper, 
rolled  up  intiie  same  manner^  and 
separated  by  cloth  strips  /.  We 
thus  obtain  a  pair  of  plates  of 
50  to  60  square  feet  in  area. 
The  name  Calorimotor  is  applied 
to  this  iqpparatus  from  its  ^eeial 
property  of  making  metal  wires  red  hot,  and  even  fbaing  them. 

In  all  the  circaita  we  have  hitiierto  described^  whether  simple 
or  oompoandy  the  action  is  very  energetic  immediately  after  hnmer* 
sion  into  the  acid  tliiid,  but  it  very  rapidly  diminishes.  This 
variation  in  the  current,  always  occasions  great  disturbance  in 
experiments  made  to  compare  the  force  of  different  currents. 
The  constant  batteries  which  have  lately  come  into  use,  are,  how- 
ever, free  from  tlus  inconvenience.  We  must  here  limit  oorselvea 
to  a  description  of  the  most  important  constant  dnmtM,  reserving 
for  a  subsequent  occasion  an  exposition  of  the  theory  aa  weU  aa 
the  causes  that  contribute  to  the  rapid  diminution  of  the  force 
of  the  current  in  ordinary  circuits. 

As  inventor  of  the  constant  circuit,  BecquereVs  name  deserves 
mention,    fig.  405  represents  an  element  of  BecquereVs  eon- 
no.  405. 


stant  circuit;  it  consists  of  a  hollow 
cylmder  a  made  of  thin  copper  aheeting 
loaded  with  some  sand  5  and  dosed  on 
all  sides.   The  bottom  e  is  even,  the  top 

d  conical,  having  over  it  a  rim  e  per- 
forated with  numerous  holes.  The  whole 
cylinder  is  surrounded  by  a  bladder  g, 
fastened  to  the  rim  e  above  the  holes  /. 
We  now  poir  -ft  solution  of  sulphate  of 
copper  on  the  eone  d,  and  this  running 
through  the  holes  f,  fiHa  the  apace 
between  the  bladder  and  the  cylittder  a ;  a 
few  crj'stals  of  sulphate  of  copper  (blue  vitriol)  are  laid  upon  the  cone 
being  gradually  dissolved  by  the  fluid  flowing  over  them.  The  bladder 


Digitized  by  Google 


BBCQimmBL's  COMfTANT  BATflET 


878 


B  eadoMd  in  a  holloir  cylindier  k,  dit  leiig;thwiie  so  tliat  it  may 
m  widened  or  contracted  at  will.  This  zinc  cylinder^  as  well  as 
he  bladder  containing  the  copper  cylinder  and  the  bhie  vitriol 
olution  are  immeraed  in  a  vessel  i,  made  either  of  glass  or  porce- 
ttn,  whidi  oontaiiis  dilute  siilphiine  acid,  or  a  aolation  of  tulphate 
if  niic^  or  of  muriate  of  soda.  Two  ttrong  eopper  wires  p  and  n, 
)ne  of  which  is  soldered  to  the  zinc  cylinder  and  the  other  to  the 
x)pper,  form  the  two  poles  of  the  element.  If  we  establish  a 
netaOie  conneetion  between  these  two  poles  tbe  electric  conent 
riU  b^;ui  to  eireolate. 

DaniePs  constant  battery  is  only  a  modification  of  BecguereVs 
nvention. 

In  tbe  Bmtm  battery,  the  jdaee  of  the  eopper  is  sappUed  by 
isrixm,  wfaidi  is  stiD  moie  negatively  deelrie^  and  is  nsed  here 

n  the  form  of  hollow  cylinders.    A  hollow  cylinder  of  this  kind, 
'pen  at  the  bottom,  120""'  in  height  and  64™"*  in  diameter,  having 
ts  sides  abont  6"^  in  thickness  is  plsced  in  a  {^sss  vessel,  as  seen 
Fio.  40S.         in  Kg.  406,  somewhat  eontnusted  towards 


the  top,  80  as  to  have  no  great  interstice 
between  the  carbon  and  the  glass,  the 
cylinder  standing  eonseq[iiently  qoite  £ist  in 
the  glass.  We  now  place  in  the  hollow  of 
the  carbon  cylinder,  a  hollow  cylinder  of 
porous  clay,  closed  at  the  bottom,  and 
having  at  the  height  of  about  105"^,  such 
a  diameter  aa  to  make  it  fit  into  the  cavity 
of  the  carbon  cylinder,  and  to  leave  a  very 


mall  space  between  the  clay  and  the  carbon.  The  clay  cavity 
a  filled  with  dilute  sulphuric  acid,  but  the  glass  contains  so  much 
nneentnted  nitric  add,  that  when  Ae  day  cylinder  is  pot  in, 
Imoet  the  whole  free  space  of  the  glass  is  filled  to  the  narrow 
icck  of  the  vessel  with  the  last  named  fluid. 

The  upper  end  the  carbon  cylinder  projects  beyond  the 
^sss  and  ia  slightly  conicsl,  so  that  a  likewise  slightly  conicsl 
ing  of  sine  a  can  he  fastened  to  it.  This  ring  supports  by  means 
f  a  zinc  brace  5,  a  hollow  zinc  cylinder  c  about  87""  in  height 
jid  40°""  in  diameter.  This  cylinder  c  is  suspended  in  the  clay 
avity  of  the  next  g^bss  in  the  dilnte  sulphuic  add. 

Kg.  407  desily  ediibits  the  manner  in  which  one  pair  of  sine 
>lates  is  connected  with  the  next^  the  diagrams  showmg  the  outlines 
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TO-  407.  of  four  pairs.    The  carbon  cy- 

linders are  distinguished  by  diffe- 
rent horizontal  bands.  Within 
each  carbon  cylinder,  we  see 
two  white  ringt  in  the  figuie; 
the  outer  one  leprocnti  the 
day  cyUndcr  seen  from  above^ 
the  Inner  one  the  fine  eyUnder. 
The  zinc  cylinder  of  the  first 
glass,  is  connected  by  a  strip 
with  the  zinc  ring  encircling  the 
charcoal  cylinder  of  the  second  glass.  In  like  manner,  a  ainc 
strip  connects  the  zinc  cylinder  of  the  second  glass  with  the  zine 
ring  of  the  third,  and  a  third  tti^  jonia  the  third  fine  i^rliiidar 
to  the  fourth  ainc  ring.  The  ring  placed  upon  the  firat  eailKm 
cylinder  ends  in  a  sine  strip,  senring  as  a  positm  pole ;  the  sine 
strip  n,  with  which  the  zinc  cylinder  terminates  in  the  fourth 
glass,  is  the  negative  pole  of  the  circuit. 

In  the  same  manner  we  may  construct  circuits  of  any  number 
of  pairs. 

In  each  sqparate  pair,  the  +  current  passes  firom  the  zinc  ring 
endoaing  the  carb^  throng^  the  atrip  to  the  sine  cylinder  of 
the  next  glass,  from  the  latter  through  the  dilute  sulphurie  add^ 
the  pores  of  the  clay  cavity  and  the  nitric  add  to  the  not  pieoe 

of  carbon,  &c. 

The  carbon  used  for  these  cylinders  is  prepared  in  a  peculiar 
manner  from  coal  and  coke;  but  we  cannot  enter  here  into  an 
exposition  of  the  prooesa. 

Graot^t  battery  is  veiy  similar  in  its  oonatraction  to  Bmmmi^, 
the  difoence  b^ween  them  being  prindpally  that  in  the  fovmer 
platinum  is  used  instead  of  carlm. 
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CHApnsB  n. 

ACTIONS  OF  TU£  GALVANIC  CURRENT. 

Fhymohgical  actions  of  galvanic  pik$. — ^The  couvuUioiis  of  the 
ms  pffodnoed  by  the  eleetriotyof  the  voltaic  pikii  are  not  km 
(lent  tluui  thoae  oeeammed  bjr  eommon  eieetrie  batteries ;  ibeir 

ensity  depending  upon  the  number  of  pairs  of  plates^  that  is 
on  the  amount  of  tension.  To  conduct  the  charge  of  the  piles 
•cmgh  tbe  human  body^  it  is  necessary  to  moislen  the  bands^  as 
•mataneewMi  sahwstav  the  epidennis  beii^a  yeiy  badcon- 
etor.  On  touching  both  poles  of  a  pile  of  20  to  30  pairs  of 
lies  with  dry  fingers,  we  do  not  experience  the  slightest  shock, 
jt  tbe  charge  is  perceptible  the  instant  we  wet  tbe  hands.  Tbe 
irge  of  a  pde  of  80  to  100  pain  of  {dates  is  my  Slacked. 
We  feel  a  shedt  at  tbe  moment  in  whicb  we  close  the  cireint 
th  the  fingers ;  as  long  as  it  remains  closed,  the  electric  current 
culatea  through  the  body  without  producing  any  very  marked 
kkm  i^ott  tbe  MingB,  snd  it  is  onty  with  my  poweffbl  piles 
many  pairs  of  plates^  that  one  is  ecmseioos  of  a  bnniing  tingling 
Dsation  at  the  places  where  the  current  enters  the  body.  A 
cond  shock  is  felt,  however,  at  tbe  moment  in  which  the  current 
leopened;  but  this,  teemed  tbe  i^iarialion  sAocA,  is  modi  w 

^^^^^  ^^/fc^P^R^^s 

Iven  a  simple  current  will  make  a  lightning-like  appearance 
ish  before  the  eyes.  We  may  make  the  experiment  in  various 
iys ;  thus,  for  instance,  we  may  bring  a  silver  plate  towards  the 
ipa  of  the  eye,  or  townrds  the  eye^bd,  which  nrast  be  previoosly 
moisCenedy  and  then  touch  tbe  plate  with  a  piece  of  sine  heM 
the  moistened  hand,  or  retained  in  the  mouth.  On  conducting 
0  current  of  a  pile  through  the  eyes,  the  appearance  of  light 
ill  be  stronger* 

If  now  we  lay  a  piece  of  me  above,  and  a  piece  of  silver  nnder 

e  tongue,  and  then  bring  tlie  upper  extremities  of  both  mctals 
contact,  we  shall  perceive  a  peculiarly  bitter  taste. 
Generwiiom  qf  U§hi  mid  heat  by  gdhame  cumnii. — Galvanic 
nrents^  Khe  the  deetricity  of  ftiction,  prodnce  heat  and  light. 

If  we  conduct  a  galvanic  cuiTcnt  through  a  metal  wire,  it  wiU 
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be  beated;  the  coimectiiig  wire  miuty  however,  be  very  ebort  and 

tbin,  to  yield  a  powerful  action.  The  intensity  of  the  heat  will 
depend  upon  the  size,  and  not  on  the  number  of  the  metal  plates. 
To  make  metallic  wires  red  hot,  it  is  only  necessary  to  use  a  simple 
current  of  large  surface,  as  represented  in  Fig.  408.  A  Bunsen's 
battery  is  also  well  adapted  for  this  experiment.  The 
larger  the  actmg  inifroe  of  the  galvanic  vppminu,  the 
greater  may  be  the  Ihickneia  of  the  wim  that  are 
to  be  made  red  hot  and  melted. 

Iron  and  steel  wire  attain  a  white  heat,  melt,  and 
bum  with  the  emission  of  vivid  sparks. 

Platinum  wires  become  vividly  glowing  and  melt 
away,  if  they  are  made  short  and  thin  enough  for  the  circuit  used 
in  the  experiment. 

Thin  gold-leaf  volatiliies,  and  aa  one  cannot  use  it  for  tondiing 
the  poles,  without  its  bemg  conyerted  into  Tapour  at  the  place  of 
contact,  the  current  is  constantly  interrupted  and  again  dosed,  by 
which  means  we  see  emitted  a  number  of  small,  shining  8])arks 
of  a  greenish  colour.    Silver  tissue  exhibits  the  same  phenomena. 

If  we  fasten  to  each  of  the  poles  of  a  galvanic  circuit,  pointed 
pieces  of  carbon  (of  the  kind  and  sixe  used  in  the  carbon 
flinders  of  Bmuen't  battery),  we  shall,  as  soon  as  these  points 
comei  into  contact,  peieeiye  an  uncommonly  glittering  lig^t.  Thia 
bright  light  can  be  seen  by  a  Bknsen^t  battery  of  only  four 
elements:  a  smaU,  brightly  luminous  star  appearing  where  the 
points  of  the  charcoal  come  into  contact  with  each  other.  By 
increasing  the  number  of  the  elements,  the  splendour  of  the 
appearance  considerably  increases ;  and  thus,  in  a  circuit  consisting 
of  from  30  to  50  elements,  we  may  obtain  a  light  far  exceeding  in 
brightness  Dnummmd's  hydro^>iygen  light.  By  the  iq[»plicatiaii  of 
this  number  of  pairs  of  plates,  we  may  remove  the  pointa  of  the 
pieces  of  carbon  tolerably  ht  from  each  other,  if  only  the  current 
passes,  and  we  may  thus  obtain  a  splendid  bow  of  light,  formed 
by  the  glowing  particles  of  the  charcoal  which  pass  from  one 
pole  to  the  other. 

Chemical  actions  of  the  voltaic  piie, — ^The  first,  and  most 
important  chemical  action  of  the  pile,  waa  diMSOveeed  by  Carlisle 
and  Ni^lum,  at  the  beginning  (tf  the  present  century,  (80th  of 
April,  1800).  These  two  natural  philoeopherB  had  hastily  Imflt 
up  a  pile  of  coins,  sine  plates,  and  damp  pieces  of  pasteboard. 
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cnler  to  fqpeil  iome  of  the  experimoits  of  VoUa.  After  a  few 

bIb,  the  smell  of  hydrogen  became  obvkms,  and  Nicholson  was 
I  by  this  to  the  happy  idea  of  suffering  the  current  to  pass 
rough  a  tube  filled  with  water^  into  which  ihiid  he  plunged  both 
Im,  holding  them  at  wnne  dietmee  apart  The  hydrogen  gas 
m  foae  to  die  negatifo  pole  in  small  globnloBj  whilst  the  sine 
re,  connected  with  the  positive  pole,  became  oxidised.  If,  bow- 
er, a  platinum,  or  silver  wire  was  used  in  the  place  of  the  zinc, 
lid  not  oxidise ;  bat  the  oxygen  likewise  rose  in  babbles  to  the 
rfaee.  This  water  was  at  loigth  direetly  deeomposed  into  its 
•ments.  Cavendish  certainly  had  already  shown  that  oxygen  and 
drogen  combine  to  form  water ;  but  notwithstanding  all  efforts 
ide  for  the  parpose,  no  one  had  yet  succeeded  in  aooomplishing 
e  diieet  deeomposition  of  water.  A  soitable  i^peratns  fer  the 
composition  of  water  is  represented  in  Fig.  409.  It  consists  of 
^  a  glass,  in  the  bottom  of  which  two  platinum  wires 
f  andf  are  inserted,  without  being  suffered  to  touch 
eadi  other.  Two  f^ass  bells,  o  and  k,  are  filled 
with  water,  and  set  inTorted  in  tfie  glass,  so  that  one 
may  cover  each  of  the  wires.  As  soon  as  the  wires 
/  andy^,  are  brought  into  contact  with  the  poles  of 
the  cireait,  bubUes  of  gas  are  devdoped  in  large 
quantities.  Pore  axy^ea  gas  slwaja  rises  in  the 
bell  at  the  +  pole,  and  hydrogen  gas  at  the 
.her.  It  will,  of  course,  be  understood  that  the  water  in  the 
aU  most  not  be  separated  from  that  in  the  vesselj  so  that  the 
nrsnt  may  pass  through  the  fluid  fma  one  wire  to  the  other. 
The  development  of  gas  will  increase  in  quantity,  as  the 
[stance  between  the  polar  wires  /  and  f  is  diminished,  and 
ym<^^"g  to  the  amount  of  sar£soe  of  the  metal  standing 
I  eoniteet  with  the  water.  In  many  apparatus^  therefbsre^ 
nrving  fer  the  deeomposition  of  water,  the  wives  have  been 
iplaced  by  platinum  plates. 

Distilled  and  perfectly  pure  water  is,  however,  but  slowly 
eeomposed  in  this  manner;  but  as  soon  as  we  pour  a  few  drops 
f  ai^  acid,  or  dissolve  a  few  grains  of  salt  in  the  water,  by  wfaieh 

^  conducting  power  of  the  fluid  is  considerably  heightened,  a 
ery  strong  actum  begins,  affordmg,  in  a  short  time^  a  large 
nantitj  of  gas.   We  will  subseqiuenily  consider  how  the  quantity 
f  the  gas  devdoped,  depends  upon  the  fevce  of  the  current. 
The  apparatus  shown  in  Fig.  410,  may  be  used  where  we  do  not 
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eaie  to  have  the  two  kads  of  gas  sepa- 
rated^ as  it  enables  us  to  decompose  a 
larger  quantity  of  water,  owing  to  the 
greater  vicinity  of  two  larore  polar  plates 
of  platinum.  The  eiq>loBiye  gas  escapes 
through  a  curved  tube,  and  on  immers- 
ing the  qpening  of  the  latter  under  water^ 
we  may  coUeet  the  gju,  or  make  the 
escaping  bubbles  detonate. 

The  quantity  of  oxygen  liberated  at 
the  +  pole,  and  collected  in  the  tube  o, 
(Fig.  409),  has  only  half  the  volume  of 
the  hydrogea>  which  is  hberatcd  at  the 
other  pole,  and  rises  in  the  tube  A.  Ttno 
gases  are,  therefote;,  evolved  ezadfy  in  the  same  proportion  as  they 
combine  with  water.  Water^  as  is  well  known^  consists  of  1 
equivalent  of  oxygen,  +  1  equivslent  of  hydrogen.  But  one 
equivalent  of  hydrogen  occupies,  other  things  being  the  same, 
twice  as  large  a  space  as  one  equivalent  of  oxygen.  The  gases 
evolved  from  the  pile  will^  therefoie,  when  combined  together, 
agsm  yield  water. 

Or^ihiu  hss  given  the  following  eiplanalion  of  this  remarkaUe 
phenomenon,  wlddi  is  now  generslly  admitted  by  natual  plii]os»* 
phers  to  be  oorreet.  lIHien  hydrogen  gas  is  combined  with  oxygen 
to  form  water,  the  atoms  of  the  oxygen  become  negatively  electric 
in  the  intimate  connection  established  between  the  smaller  particles, 
while  the  atoms  of  the  hydrogen  arc  positively  electric ;  but 
owing  to  the  uniform  distribution  of  the  particles  of  both  substances, 
the  combination  does  not,  of  course,  exhibit  any  liberated  electri- 
city. If  now  water  be  placed  between  the  poles  of  a  galvaaie 
circuity  the  +  pole  wiU  act  in  such  a  manner  upon  the  most 
contiguous  particles  of  water,  that  the  —  constituent  will  be 
attracted,  and  turned  to  the  -f  pole,  whilst  the  repelled  atom 
of  water  of  the  first  molecule  of  water  will  be  turned  away  from 
the  +  pok.  The  water-particle  1,  Fig.  411,  will  act  upon  the 
na.  411.  psrticle  2,  in  such  a  manner  as  to  turn  ita 
I  I   elements  to  the  same  side;  in  a  similar  way  2 

^>^^P^%^  It  therefore  fidlows,  that  all 
PnMmV^   the  mdecnles  of  wat«r  between  the  two  poles,  will 

turn  their  atoms  of  oxygen  to  the  +  pole,  and 
their  atoms  of  hydrogen  to  the  —  pole,  somewhat  as  shown  in 
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the  atom  of  hydrogen,  and  the  white  half  the  atom  of  oxygen, 
low  the  attraction  exercised  by  the  +  pok  upon  the  atom  of 
jm  of  the  water-ptrtide  1^  be  Strang  mmf^,  it  will  tear  it 
ondj  fimn  the  etom  of  hydrogen ;  thb  kttcf  again  eomhoie 
1  the  oxygen  of  the  water-particle  2 ;  the  hydrogen  of  2 
ill  with  the  oxygen  of  3,  &c.  In  this  manner^  a  constant 
imposition  and  leoomfamation  of  the  water  wiU  go  on  ahmg  the 
lie  line  betwean  the  polaa,  but  it  ia  onkj  at  the  poke  du^  ita 
rtitaents  can  be  liberated. 

I  decomposition  of  water  occurs  in  the  cells  of  the  galvanie 
uit^  exactly  in  the  aame  manner  as  between  the  poles, 
hcidea  ave  decompoaed  by  the  gafaranie  ebele  in  the  aame 
tUMT  aa  wate.  Oxygen  appears  at  the  +  pole,  the  radicsl  at 
—  pole.  The  following  experiment  will  answer  for  metalhc 
ies  that  are  reducible :  if  we  strew  a  little  dry  pulverised  oxide 
m  a  platinmn  platc^  broQ|^  in  eonnecUon.  irith  the  4-  pole  of 
pile,  and  toodi  the  powder  with  Ae  —  wire,  we  shall  soon 
small  metalhc  globules  appear  at  the  extremities  of  the  wire, 
ides  less  easy  of  being  reduced  most  be  somewhat  moistened, 
ecially  if  they  are  in  a  pnlverised  state.  The  water  will 
tsinly  alao  he  paiiially  deeompoaed^  hut  this  will  qbHj  serve  to 
tease  the  capacity  for  conducting  electricity.  After  a  time  we 
ill  see,  when  the  pile  ia  strong  enough^  small  metallic  globuless^ 
rearing  at  the  —  pole. 

k  new  epoeh  in  acieiiee  began  with  the  year  1807,  wheo  Dasy, 
meana  of  a  gahranie  pQe,  made  Ae  diaeorery  that  aksKea  eonld 

decomposed,  which  had,  until  then,  been  regarded  as  simple 
lies.  Alcalies  and  earths  were  thus  ranged  in  the  class  of 
des,  and  ahsmistay  enriched  by  the  aeqmsitioii  of  two  new 
teUis  bodiss^  potaasinm  and  sodinm.  A  very  stieiig  battery  ia 
cessary  to  decompose  potash.  If  we  make  the  experiment  in 
'  manner  above  indicated,  we  shall  see  numerous  globules  of 
ital  appear  at  the  negative  pole,  and  again  vanish,  with  the 
Bsaon  of  spaika.  lUa  ia  potaaafann,  liberated  in  the  deeompo- 
ion  of  potash.    Its  affinity  to  oxygen  is,  however,  so  great,  that 

being  brought  into  contact  with  the  air,  it  immediately  oxidizes ; 

being  brought  into  contact  with  water,  it  abstracts  Uie  oxygen, 
d  inflanaa  the  hydeupa  gas^  and  haa  the  appearanoe  of  fte. 
Ambobi  amat,  tharaiDie^  not  be  kapt  in  a  And  eanlaining 
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oxygen.  Petroleum^  or  naptha^  composed  of  carbon  and  hydrogen^ 
is  generally  used  for  this  purpose.  * 

Seebeck  has  proposed  a  means  by  which  the  potaarium  evolved  by 
means  of  a  galvanic  pik^  may  be  odketed  with  mofe  esrtainty.  A 
hollow  is  made  in  the  pieiDe  of  eaustic  potash  we  wish  to  deoom- 
pose,  and  merenry  ponied  into  it.  The  potash  is  then  laid  npon  a 
piece  of  platinum  in  connection  with  the  +  pole  of  the  pile,  while 
the  —  wire  plunges  into  the  mercury.  The  decomposition 
immediately  begins,  the  oxygen  is  liberated  in  the  platnium,  while 
the  potassium,  combining  with  the  mercury  forms  a  tolerably 
consistent  amalgam.  We  may  then  sepsrate  the  mercury,  by 
distillation  in  an  atmosphere  of  petroleom  vapooFj  and  thns  obtain 
the  potassinm  in  a  pure  condition. 

Salts  can  also  he  deeomposed  by  means  of  the  gslvanie  coirent» 
the  acid  appearing  at  the  H- ,  and  the  earth,  or  base,  at  the  —  pole. 
The  decomposition  of  salts  may  be  made  perceptible  in  the  follow- 
ing manner.  We  fill  a  V-formed  curved  tube  (Fig.  412)  w4th  a 
YiQ,  4ia.  saline  solntioiiy  which  is  coloured  violet  by  tincture  of 
litmns.  If  nowwephmge  the  +  pdsrwixe  into  the 
fluid  on  the  one  side,  and  the  —  wire  on  the  other 
side,  the  fluid  will  he  red  at  the  snd  bhie  at  the 
—  pole.  On  changing  the  poles,  the  original  violet 
hue  will  be  only  restored  by  degrees,  red  appearing 
where  the  wire  was  blue  before  the  inversion  of  the 
poles,  and  vice  vend. 
If  we  poor  a  saline  solution  into  two  contiguous  vessels,  con- 
nected by  a  moist  asbestus  cloth,  or  by  an  A-shaped  syphon,  filled 
with  the  flnid,  and  then  plunge  the  +  polar  wire  into  the  one 
vessel,  and  the  ^  wire  into  the  other,  the  deoomposition  wiD 
go  on  in  the  same  manner ;  and  after  a  time,  the  acid  will  be  in 
the  vessel  into  which  the  +  wire  has  been  immersed,  and  the 
base  in  the  other.  Even  if  we  pour  the  earthy  solution  into  the 
vessel  A  containing  the  +  polar  wire,  and  the  acid  into  the  other 
JB,  the  acid  will,  after  a  time,  be  in  and  the  base  in  B*  This 
eqieriment  has  been  modified  in  varioos  ways* 

A  saline  sohxtion  is  not  alwi^  decomposed  into  the  add  and 
base  by  the  galvame  eonent,  there  appearing  in  the  decomposition, 
frequently,  only  one  or  other  of  these  bodies.  A  solution  of 
sulphate  of  copper,  for  instance,  is  so  decomposed  that  the  copper 
separates  at  the  —  pole,  whilst  the  oj^gen  of  the  oxide  of  copper 
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no  longer  remains  in  its  former  oombination  on  tbe  other  side. 
This  decomposition  of  sulphate  of  copper  is  beautifully  exhibited 
in  the  constant  circuit  of  Becquerel  and  Daniel,  already  described. 
When  the  circuit  is  closed,  the  +  current  passes  from  the  zinc 
through  the  dilate  sulphuric  acid,  then  through  the  solution 
of  solphate  of  copper  to  the  copper.  If  the  sine  become  +  electric 
in  contact  with  ^  copper,  and  the  latter  — ^  the  sine  is,  of  eonxset, 
the  and  the  copper  the  —  pole,  the  +  cnrrent  passes,  there* 
fore,  through  the  sine,  snd  the  —  enzrent  through  the  copper  into 
the  Huid.  On  the  one  side  of  the  partition  water  is  decomposed, 
the  oxygen  passes  over  to  the  zinc,  forming  oxide  of  zinc,  which, 
dissolving  in  the  acid,  forms  sulphate  of  zinc.  The  hydrogen  gas 
goes  to  the  partition,  where  it  forms,  as  it  were,  the  +  pole  for 
the  enrrent  passing  into  the  other  fluid.  The  oxide  of  copper  is 
deccmqposed  by  this  cunent,  the  oiqrgen  of  the  oxide  pisses  to 
the  -h  pole,  consequently,  to  the  wall  of  partition,  where  it 
combines  with  the  liberated  hydrogen  to  form  water,  whilst  the 
copper  at  the  —  pole,  that  is,  at  the  copper  plate,  is  separated  in 
the  metallic  form. 

A  highly  interesting  application  has  been  made  of  this  metallic 
precipitate  of  copper,  and  is  known  under  the  name  of  galvano- 
plastics  (electrotype) ;  it  is  only  neoeasszy  to  give  a  definite  form 
to  the  —  elements  of  a  oombination  of  this  kind,  to  obtain 
impressions  of  this  form  in  metallic  copper. 

It  is  necessary  to  modify  somewhat  the  form  of  the  Becquerel  cir- 
cuit before  applying  it  for  this  purpose.  The  apparatus  represented 
in  Fig.  413,  is  especially  well  adapted  for  the  multiplication  of 
no.  418.  coins,  medals,  &c.  a  b  is  a,  glass 

vessel  open  at  the  top,  about  6-8 
inches  in  diameter.  Within  this  hangs 
a  second  narrower  glass  vessel  ed 
likewise  opening  at  the  top,  but  dosed 
at  the  bottom  by  having  a  bladder 
tied  to  it.  Somewhat  above  the 
middle,  a  wire  is  tightly  bound  round 
the  inner  vessel,  which  it  lifts  up  in 
such  a  manner,  that  the  bladder  is 
above  the  bottom,  the  wire  blanching 
out  in  three  arms,  which  are  attached  to  the  rim  of  the  outer 
vessel.  The  inner  vessel  is  filled  with  a  very  dilute  snlphurie 
acid,  while  the  space  intervening  between  the  inner  and  outer 
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cjlmder  is  filled  with  •  aolution  of  sulphate  of  eopfMK  Two  pieces 
of  wood  Udd  eroea-wmya  eapport  in  the  rail^iiric  add  a  sine  hloA, 
to  whieh  a  copper  wire  is  Boldered,  eonneetiiig  the  sine  bloek  widi 

the  mercury-cup  q.    A  second  copper  wire  passes  from  this  cup  ^ 
to  the  form  lying  in  the  solution  of  sulphate  of  copper,  which,  of 
course,  must  be  made  of  a  substance  more  electro>negatiTe  than 
sine. 

Such  a  form  may  be  procured  by  taking  an  impcession  of  a  coin 
with  JRsstf's  Ibaible  metal^  and  stiU  moie  easily  fay  nesna  of  wax  or 
stearine.  These  two  snhatasires  nmst  be  ffuisd  together  witii 
finely  puhrerised  graphite,  and  the  liquid  then  poured  on  ^ 

metal,  which  must  be  protected  by  a  rim  of  paper,  when  a  very 
beautiful  form  is  obtained. 

This  matrix,  however,  is  not  a  conductor,  and  only  becomes  so 
by  covering  the  surCaoe,  which  is  to  xeoei?e  the  copper  with  a  thin  , 
delicate  layer  of  fine  copper  bnmse.  This  coating,  whkh  may  he 
laid  on  with  »  fine  hrndi,  docs  not  in  any  way  take  firom  the 
purity  and  sharpness  of  the  oodines.  The  matrix  aiaat  be 
plunged  into  the  solution  with  its  conducting  snrfoee  turned 
upward.  The  copper  wire  requires  only  to  be  in  contact  with  the 
fine  graphite  layer. 

The  portion  of  the  copper  wire  plunged  in  the  aolutioD  of 
sulphate  of  copper  must  be  covered  with  shell-lac^  or  seslingowai, 
to  prevent  metallic  copper  ftom  beng  dqKiaited  i^on  thia  wire^ 
u^iieh  dqKMatkni  must  bo  premtod  euMpt  where  it  is  afttadied 
to  the  matrix. 

The  eunrent  drculating  through  the  apparatus  is  very  weak ;  the 
copper  deposits  itself  slowly  upon  the  copper  surfacCj  and  subsequently 
upon  the  copper  wire ;  it  is,  therefore,  necessary  firom  time  to  time 
to  place  the  wire  at  a  different  part  of  the  mould.  The  layer  of 
ocqpper  will  be.  thick  enough,  and  may  be  removed  in  (me  or  more  i 
days  according  to  the  strength  of  the.current.  Hie  cq^per  dqxMut 
is  moat  regular  with  a  weak  cunenti  on  whidi  account  the  finid 
in  whidi  the  rine  Uook  is  plunged  should  be  only  slightly  aeid. 

The  solution  of  sulphate  of  copper  becomes  lighter  in  colour  in 
proportion  to  the  copper  deposited  from  it.  It  is  necessary  occa- 
sionally  to  renew  the  solution  as  it  becomes  exhausted. 

It  is  often  better  to  place  the  solution  of  sulphate  of  coppm 
with  the  mould  in  the  inner  vessel,  and  the  acid  with  the  aiac 
block  in  the  outer  vesseL 

Many  important  applications  of  galvano-pksties  have  been  made 
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within  the  last  few  years ;  by  this  means  impressions  of  woodcuts 
have  been  taken«  whieh  retain  all  the  purity  and  aharpness  of  the 
anginal  ouilineBy  and  thna^  aa  many  ftc-aimika  aa  we  like  may  be 
taken  of  the  original,  withoat  any  differenoe  bemg  peraptiMe 
between  the  firat  and  last  impreiaiona.  The  woodeata  the 
original  German  edition  of  this  work,  from  which  those  in  our 
present  translation  are  copied,  were  impressed  by  copper  type 
of  this  description.  A  graved  copper  plate  will  not  bear  many 
impressions  being  taken  of  it,  without  manifesting  a  decided 
deterioration  in  the  later  impremona.  Henoe^  the  value  of  the 
pvoof-impffeaatm,  andhene^  the  leaaon  that  ated  engraving  ia  ao 
mnch  valued,  for  a  ated  plate  will  bear  a  mneh  larger  number  of 
impressions  being  taken  of  it.  Steel,  however,  offers  deeided  dis- 
advantages with  reference  to  art,  for  owing  to  the  hardness  of  its 
texture  it  opposes  great  difficulties  to  the  artist,  who  cannot 
possibly  complete  as  perfect  a  work  on  steel  as  on  copper.  Now, 
however,  a  means  has  been  devised  of  multiplying  cc^per  plates, 
even  when  of  a  large  size,  by  the  galvano-plastic  prooeaa,  ao  that  the 
impreariona  of  the  eqpiea,  of  which  we  mqr  have  an  iwltniifa*^^ 
nimiber,  are  quite  equal  to  the  original  platea. 

KobeU  of  Munich  has  proposed  a  method  by  which  pictures 
drawn  in  bistre  or  Indian  ink  may  be  multiplied  by  galvano 
plastically.  A  copper  plate  silvered  over,  is  used  for  painting  on, 
and  the  colour  prepared  for  the  purpose,  is  an  ochre  or  coke 
rubbed  up  in  a  solution  of  wax  and  oil  of  turpentine^  adding  a 
little  Dammara  varnish.  This  colour  is  laid  on  the  plate  in  such  a 
way,  that  the  bii^^teat  lighta  remain  £re^  the  paint  laid  on 
thicker  in  proportion  to  the  depth  of  ahadow  reqnked*  As  aoon 
as  the  picture  is  finished,  a  waah  of  finely  pulverised  graphite  is 
laid  on  with  a  fine  bmsh,  and  the  plate  is  put  into  the  galvano- 
plastie  apparatus.  By  degrees  the  copper  is  precipitated  upon  the 
painted  plate,  forming  a  second  copper  plate  on  which  ail  the 
lig^ita  ajfiear  amooth,  and  the  shadowa  are  deeply  impressed ;  this 
pihte  wfll  now  yield,  if  treated  like  a  graved  copper  plate,  unpvea- 
akma  aimilar  to  an  Indian  mk  drandng,  7%ay«r,  of  Vienna,  haa 
brouii^t  thia  method  to  great  perfection,  and  there  ia  reaaon  to 
expect  that  it  wiU  prove  of  still  greater  practical  importance  to 
art. 

In  the  same  manner  as  copper  is  precipitated  at  the  negative 
pole  of  the  circuit,  by  a  galvanic  process  from  a  solution  of 
anlphate  of  copper,  other  metalsi,  aa  gold,  silver,  platinum,  &Cv 
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axe  dipodted  at  the  n^istm  pde  from  mitable  solutumsy  and  we 
may  tliiiB  gild  and  silver  other  metals,  &e.   It  would  lead  us 

beyond  our  proper  limits  were  we  to  enlarge  further  upon  tins 

subject. 

An  interesting  illustration  of  metallic  precipitations  is  presented 
by  the  NobtU's  coloured  rings.  If  we  pour  a  few  drops  of  a  solu- 
tion of  acetate  of  lead  upon  a  silver  plate^  and  then  touch  the 
silver  in  the  middle  of  the  fluid  with  a  small  pieoe  of  sine,  sevenl 
eoneentric  coloued  rings  will  be  fonned  aionnd  the  placea  of 
eoDtaet.  These  rings  appear  still  more  beantiM  on  patting  the 
fluid  between  the  poles  of  a  pile  composed  of  many  plates,  flatten* 
ing  the  one  pole,  and  pointing  the  other,  and  then  turning  the 
latter  in  such  a  manner  to  the  former,  that  the  electric  current 
pasaes  through  the  fluid  from  the  flattened  to  the  pointed  pole,  or 
vice  vend.  Nobili  obtained  similar  phenomeim  of  oobara  with 
other  floids. 

Chlorides,  iodides,  and  bromides  of  metals  are  simply  deoom* 

posed  by  the  electric  ctirrent,  the  metal  being  deposited  at  the 
negative,  and  the  chlorine,  iodine,  and  bromine,  at  the  positive  pole. 
The  weakest  current  is  capable  of  decomposing  iodide  of  potas- 
sium. 

On  exposing  aqueous  solutions  to  the  action  of  the  electric 
eanmt,  tiie  lesolt  of  the  deeomposition  will  often  be  modified  fay 
the  presence  of  the  water.  To  avdd  this,  Esraday  has  ledneed 
msny  bodies  to  a  fluid  stste  by  ftuion,  and  thns  exposed  them  to 

the  action  of  the  current.  He  thus  decomposed  chloride  of  lead, 
chloride  of  silver,  &c.,  laying  them  upon  a  glass  plate  and  fusing 
them  over  a  spirit  lamp,  and  then  immersing  both  polar  wires  into 
the  fluid  mass.  If  polar  wires  of  silver  were  plunged  in  fluid 
chloride  of  silver,  the  silver  would  be  deposited  at  the  —  pole^ 
whidi  had  attached  itself  to  the  wxe,  whilst  the  other  silver  wire 
would  be  dissolved  by  the  liberated  ehlorine. 

We  have  hillierto  only  spoken  of  decompositions  produced  by  the 
galvanic  current,  but  this  current  also  favours  to  chemical  combina- 
tions. If  we  bring  any  easily  oxidisable  metal,  as  zinc,  for  instance, 
near  the  +  polar  wire,  the  metal  will  very  easily  combine  with  the 
oxygen  separated  from  the  water,  zinc  only  dissolves  slowly  in 
diluted  sttlphurie  aeid^  if  it  be  quite  chemically  pure;  on  tou^iiig 
it  with  a  pieoe  of  sEtver,  a  marked  development  of  gas  instantly 
begins  to  take  place  at  the  silver,  while  the  sine  oombiiiea  with 
the  oxygen  to  form  oxide  which  is  dissolved  by  the  acid* 
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£  the  polar  wires  of  a  galvanic  battery  be  made  of  zinc,  and 
a  immanwd  in  aridnkted  watev  the  decompoatum  of  tke  water 

go  on  precisely  as  if  platinam  or  copper  wires  were  used.  The 
Irogcn  gas  will  be  separated  at  the  wire  of  the  negative  pole, 
.ch  will  not  be  affected  by  the  acid,  as  would  otherwise  be  the 
a  if  it  weea  not  made  nsgathrely  deetrie  by  ila  cgnneetkm  with 

pile^  and  ttns  protected  horn  ondatbn ;  the  wire  of  tbe  po)a- 
?  pole,  on  the  contrary,  will  be  so  much  the  more  rapidly  acted 
>n. 

k  metal  aieeled  by  an  «eid  or  any  otber  floid  ean  be  proCeeled 

31  oxidation  by  being  brought  into  connection  with  a  metal 
itively  electrified^  so  as  to  fonn  the  —  pole  of  a  simple  circuit. 
M^liilat  the  eomnt  aruing  ftom  the  eontact  of  two  metala 
inged  itt  the  aame  fluid  inenaaea  Ae  attnity  of  one  of  theae 
one  element  of  the  fluid,  the  power  of  the  other  metal  to  nn» 
'go  the  same  changes  is  proportionally  diminished.  Thu3,  when 
one  and  a  copper  plate  come  into  contact  in  a  dilute  acid, 
» me  inH  onidiie  more  nqpidly,  and  tiM  eopper  lam  than  would 
lerwiae  be  the  eaae.  Drn^n  experiments  on  die  pifaeifation 
the  coppering  of  ships  affords  a  beautiful  illustration  of  this 
nciple.  A  copper  plate  when  immersed  in  sea-water  is  exposed 
a  rafnd  ondation ;  but  if  the  copper  be  brought  into  eontaet  wit^ 
le  or  iron,  tlMae  nnelab  wiB  be  diaaobed,  and  die  copper  thna 
>tected.  Dflry  has  ascertained  that  a  piece  of  zinc  of  the  size 
the  head  of  a  small  nail  is  sufficient  to  protect  40  to  50  square 
!faea  of  eopper* 

It  Iiaa  unfortunately  been  ahoam,  however,  that  thk  exoellent 

)de  of  preserving  copper  cannot  be  practically  made  use  of,  as 
pper  must  be  acted  upon  to  a  certain  extent,  in  order  to  save  it 
»m  being  injured  Iqr  the  adheaipn  of  aea^weed  and  maiine 

Hie  same  principle  has  been  applied  by  wn  AUhem  to  prevent 
e  rusting  of  the  iron  pans  used  in  evaporating  brine.  Here, 
wever^  the  protecting  zinc  could  not  be  applied  to  the  pans 
emadiei^  aa  the  aulphate  of  line  would  diatribnte  itaelf  through 
e  brine,  he  therefore  wparated  the  eomera  of  the  pans  by  a 
ard,  and  filled  these  spaces  with  zinc,  whose  bottoms  were  formed 
th  iron  plates.  Thus  the  sine  is  in  metallic  connection  with 
e  iron,  and  the  fluid  paasea  hi  anflieient  quantity  through  the 
Mid  to  the  nne  to  i»mplete  the  circuit,  iriiile  the  sulphate  of 
Be  cngcudered  cannot  destroy  the  purity  of  the  solution  of  salt. 

c  c 
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By  this  means^  evaporation  was  effected  at  a  lower  tompentor^ 
and  a  oonnderable  saving  made  in  the  expenditnxe  of  foel. 

The  eleetro-ehemical  theory, — The  hitherto  described  phenomena 
exhibit  remarkable  idations  between  chemical  and  electrical  forees. 

It  had  already  been  vaguely  conjectured,  that  electrical  forces 
were  concerned  in  chemical  phenomena ;  this  view  was,  how- 
ever, only  confirmed  when  the  decomposition  of  water  was  effected 
by  the  voltaic  battery ;  that  is  to  say,  it  was  reserved  for  Davy  and 
Berzelius  to  develop  these  views ;  and  they  established  the  electro- 
ehemicsl  theory,  according  to  which,  we  mnrt  seek  for  the  fonda- 
mental  canse  of  chemical  combinations  in  deetric  attraetioii. 
Althoagh  it  may  not  be  folly  proved,  that  chmical  affinity  and 
electrical  attraction  arc  j>erfectly  identical,  it  must  be  confessed, 
that  this  theory  combines  many  facts  into  one  connecting  bond  in  a 
manner  that  cannot  be  refuted  by  experience. 

As  nnc  and  copper,  when  brooght  into  contact  with  each  other 
become  oppositely  eLectrie^  so  also  according  to  the  electio- 
ehemieal  theory,  the  aft<mis  of  every  two  dements  become  oppo- 
sitdy  eleetrie  when  brought  into  contact  with  eadi  other;  in  ahort, 
all  elements  are,  according  to  the  signification  already  given  at 
page  363,  members  of  the  series  of  tension.  The  extremes  of  this 
perfectly  complete  series  are  oxygen  and  potassium,  the  former 
being  the  — >,  and  the  latter  the  +  extremity.  The  following  ia 
the  eomplflte  series  of  tension. 


Oxygen 

Bromine 

Sulphur 

Iodine 

Selenium 

Fluorine 

Tellurium 

Phosphorus 

Nitrogen 

Arsenic 

Chlorine 

Carbon 

Chromium 

Cerium 

Molybdanum 

Lanthenium 

Borax 

Yttrium 

Vanadium 

Cobalt 

Tungsten 

Nickel 

Antimony 

Iron 

Tantalium 

Cadmium 

Titanium 

Zinc 

Silicium 

Hydrogen 

Osmium 

Manganese 
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Gold 


Iridium 

Rhodium 

Platinum 

PftUadium 

Mercury 

Silver 


Copper 
Unmium 
Bismuth 
Lead 


Potassium. 
+ 


Barium 

Lithium 

Sodium 


This  aeries  contains  all  the  simple  substanceSi  and  to  each  its 
place  ia  aangned^  although  there  ia  atiU  much  uneertainty  in  this 
req^eety  and  the  poaition  of  moat  bodiea  in  the  aeriea  of  tenabn 
ia  only  approximatively,  but  not  aoevratdy  determined.  This 
position  has  only  been  ascertained  by  direct  experiment  for  a 
very  few  bodies ;  the  place  of  the  majority  having  been  conjectured 
fipom  their  chemical  relation. 

According  to  the  electro-chemical  theory,  the  atoma  of  the 
elements  are  not  electrical  in  themselves,  but  become  ao  on  being 
brought  into  contact  with  othersy  whence  it  happens  that  the  same 
body  may  at  one  time  be  +,  and  at  another  —  eleetrie.  Thua,  for 
instance,  sulphur  in  combination  with  oxygen  is  the  electro-positive, 
and  in  conjunction  with  hydrogen  the  clcctro-ncgativc  element. 

We  have  seen  that  two  heterogeneous  metal  plates  brought  into 
contact  with  each  other  become  oppositely  electric;  but,  that  the 
greatest  part  of  the  electricity  developed  remains  combined  on 
the  aurfMse  of  ccmtaet;  the  same  ia  the  caae  with  chemical  combi- 
n^tioiu*  Ify  for  instance,  a  partide  of  oiygen  and  one  of  hy^bogen 
eome  into  contact,  tSie  former  will  l»e(5ome  — ,  and  Die  latter  -f 
electric,  both  electricities  will  attract  each  other,  and  conibme  almost 
perfectly,  owing  to  their  close  approximation.  If,  however,  there 
is  a  little  free  +  electricity  on  the  one  particle,  and  —  electricity 
on  the  other,  the  chemical  combination  cannot  give  any  evidence 
of  free  electricity,  owing  to  the  +  and  — -  particles  being  uni- 
fonnfy  diatrilmted;  tlnuy  wherever  we  lay  our  handa  on  the  body 
an  equal  number  of     and  —  deetric  partidea  will  be  tonched. 

In  the  first  place,  the  simple  substances  combine  to  form  binary 
compounds.  The  compound  bodies,  as  the  oxygen,  sulphur,  and 
chlorine  combinations^  exhibit  among  themselves  a  relation  similai* 


c  c  2 
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to  that  of  ample  sabstances;  theae  binary  combinatkma  of  tlie 
aimple  dementa,  ondeay  aolphuretay  and  cUoridea,  kc,  which 

are  characterised  by  negatively  electric  properties,  and  at  the 
same  time  capable  of  entering  into  combinations  of  a  higher 
order,  are  termed  acids ;  while  those  constituting  the  part  of  the 
positively  electric  constitueiita  are  called  saiiabie  bases. 

The  character  of  an  add  ia  generally  so  much  the  more  atron^^j 
eipreaaed  in  propordon  to  the  eontignity  of  ita  elementa  to  the 
negative  end  of  tiie  acale  of  tenakm,  hence  aolphnric  add  the 
atrongeat  of  all  acida*  Oxygen  ibnna  adda  ni  connectiovi  with 
the  bodies  standing  at  the  head  of  the  above  series,  and  bases 
with  the  elements  at  the  positive  end;  thus  potassium  ia  the 
strongest  of  all  bases. 

When  the  same  body  combines  in  aeveral  different  proportiona 
with  oxygen,  the  combination  will  be  ao  mneh  the  more  negatiTdy 
dectrie,  beeanae  H  will  aaaome  more  of  the  add^  and  leaa  of  the 
propertiea  of  a  baae,  in  proportion  aa  the  deetro-negative  dement, 
the  oxygen,  predominates.  Tlius,  1  equivalent  of  manganese 
combined  with  1  equivalent  of  oxygen  forms  oxide  of  manganese, 
which  possesses  the  properties  of  a  base,  whilst  1  equivalent  of 
manganese  +  3  equivalents  oxygen  form  manganic  acid. 

The  deetro^emical  theory  does  not  in  ita  preaent  limits 
embraoe  an  explanation  of  all  chemied  phenomena;  but  the 
daaaificstion  of  bodiee  Ibonded  upon  k  agreea  adBdently  with  their 
rdationa,  ao  aa  to  give  a  dear  inaig^t  into  diemied  kwa. 

The  electrolytic  law. — No  dectric  current,  or  comparatively 
only  a  very  weak  one  can  pass  through  a  fluid  without  its  passage 
being  attended  by  chemical  decomposition.  Such  a  decompoai- 
tion  aa  this  occurs  in  every  cell  of  every  galvanic  apparatua,  aa 
long  aa  the  drcoit  remaina  complete,  and  Faraday  has  shofm  that 
the  qnantitj  of  the  ciectrie  current  ia  proportionBl  to  the  decom- 
position taking  place  in  each  mdividttd  edl. 

It  cannot  be  denied  that  an  intimate  relation  exists  between  the 
passage  of  the  electric  current  through  fluids  and  their  deeomposi- 
.  tion,  and  it  may  even  be  asserted,  that  the  passage  of  the  electricity 
ia  effected  by  chemical  decomposition.  The  positive  current 
paaaea  in  every  cell  from  the  dnc  through  the  fluid  to  the  oo^pcTp 
but  t^e  partidea  of  the  hydrogen  paaa  in  the  same  direction;  they 
we  the  oondoctoTB  of  the  -f-  dectridty,  whidi  ia  conveyed  by 
lihem  to  the  copper  plate.  Indeed,  vm  have  aeen,  that  in  accord- 
ance with  the  principles  of  the  electro-chemical  theory^  the 
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^  elements  are  held  firmly  together  in  each  atom  of  water  because 
oxygen  and  hydrogen  brought  into  contact  become  oppositely 
electric,  and  because  these  opposite  electricities  of  the  elements 
of  water  mutually  combine  wiUi  each  other.  When  a  particle  of 
hydrogen  is  teparated  £rom  ita  iJfMjgm,  all  ita  oombined  electricity 
*  be  libemted;  it  will  be,  however,  iminediatdyieeombi 
the  hydrogen,  on  the  other  hand,  combines  with  another  partide  of 
oxygen,  and  thus  each  atom  of  hydrogen  will  carry  off  its  combined 
-f  electricity,  whilst  at  the  same  time  its  positive  electricity  will- 
be  liberated  at  the  —  pole  with  the  hydrogen. 

Whilst  the  ordinary  zinc  of  commerce  is  rapidly  diasolTed  when 
plunged  into  dilute  sulphuric  add,  chemically  pure  line  or  amalga- 
mated nnc  wiU  remain  unafEected  in  the  same  fluid.  If  weeonstruet 
a  galvanic  circuit  witii  chemically  pure,  or  amalgamated  nnc  plates, 
no  decomposition  can  possibly  occur  in  such  a  circuit  while  open. 
But  the  moment  it  is  closed,  a  decomposition  of  water  begins  in 
every  cell ;  there  is,  however,  no  more  water  decomposed  nor 
zinc  dissolved  than  is  necessary  to  conduct  the  circulating  current ; 
the  quantity  of  the  dissolved  zinc  must  therefore  stand  m  a  definite 
rdation  to  this  current.  Faradojf  made  use  of  the  ennent  of  sudi 
a  dicnit  for  the  deoompodtionof  water,  and  ascertained  definitivdy 
the  amount  of  ezplodve  gas  evolved  in  a  given  time.  It  was  thus- 
found  that,  for  each  equal  portion  of  hydrogen  gas  liberated 
between  the  polar  wires,  or  rather  the  plates  of  the  poles  32,3 
equal  portions  of  zinc  were  dissolved  in  each  celL  But  now  the 
weights  of  the  chemical  equivalents  of  hydrogen  and  zinc  are  to 
each  other  as  12,48  to  403,28,  or  as  1  to  32,3.  For  every 
equivalent  of  hydrogen^  therefore^  evolved  in  the  decomposing 
cdla  1  eq[iiivalent  of  dnc  must  be  dissolved  in  eadi  cell  of  the 
enreuit. 

If  the  same  current  be  conducted  through  4  decomposing  cells, 
of  which  the  first  contains  water,  the  second  chloride  of  silver,  the 
third  chloride  of  lead,  the  fourth  chloride  of  tin,  all  in  a  fiuid 
condition,  the  quantities  of  hydrogen  gas,  silver,  lead,  and  tin, 
which  are  precipitated  at  the  four  —  poke  are  to  eadi  other, 
as  1:  108:  108,6:  67,9,  whilst  at  the  +  polea  oxygen  and 
dilorine  are  separated  in  the  proportiona  of  8 :  86,4.  SimUar 
facts  have  been  demonstrated  for  many  other  composite  bodies. 

It  follows  from  these  facts,  that  the  chemical  equivalents 
represent  those  relative  weights  of  the  substances  which  assume 
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an  equally  strong  electric  polarity  in  connection  with  one  and  the 
same  element. 

Theory  of  constant  drcuitSd — ^The  common  voltaic  drcnit  in 
which  only  one  fluid  is  nsed^  gives,  as  m  hsre  already  seen^  an 
mioonunonly  strong  eittrent  at  the  first  moment;  this,  however^ 
soon  abates  in  intensity^  whilst  in  the  Beequer^  circnitSy  DtmiM, 
Chrove^,  Bwnen^s  appantos^  the  etment  eontinnes  with  wnabaled 
force.  Now  that  we  have  learnt  to  understand  the  chemical 
phenomena  in  the  circuit,  we  may  be  able  to  explain  why  the 
current  remains  constant  in  the  one  kind  of  apparatus^  and  loses 
rapidly  its  intensity  in  the  other. 

A  one  and  a  copper  plate  united  by  a  copper  wire  at  the  top^ 
are  phmged  into  a  Tessel  (Fig.  414)  filled  with  a  eolation  cf 
wiQ,  414.  Bolphate  of  sme.    At  first  a  tolerably 

strong  current  will  be  engendered,  which, 
however,  will  soon  abate,  and  finally  entirely 
cease.  The  reason  of  this  cessation  will 
be  soon  understood  on  considering  the 
process  of  the  decomposition;  tibe  oxide 
of  sine  of  the  solution  is  soon  decompoaedy 
the  oxygen  attaches  itself  to  the  snie 
plate  in  order  to  form  a  new  oxide,  whilst 
on  the  other  side  metallic  zinc  is  precipi- 
tated on  the  copper  plate ;  after  a  time  the  copper  plate  becomes 
wholly  covered  over  with  zinc,  when  the  current  of  course 
ceases.  The  copper  is  now  no  longer  in  connection  with  the  fluid, 
but  there  is  sine  on  both  sides  of  the  copper,  and  of  the  fluid ; 
the  copper  beeomes  n^gadvely  excited  where  it  is  soldered  to  the 
sine  plate,  bat  this  excitement  does  not  occasion  any  current,  since 
the  newly  formed  zinc  coating  gives  rise  to  a  totally  opposite  one. 

If  we  take  dilute  sulphuric  acid  instead  of  the  solution  of  oxide  of 
zinc,  the  water  of  the  fluid  between  the  zinc  and  copper  plat«  will  be 
decomposed ;  in  the  place  of  the  sine  which  is  precipitated  on  the 
copper  plate,  as  in  the  former  case,  the  hydrogen  will  now  be  libe- 
rated, Uie  copper  plate  will  be  covered  with  a  coatmg  of  hydrogeD, 
which  win  not,  however,  come  into  sach  intimate  oonneotioii  with  the 
copper  as  in  the  former  case,  and  cannot,  therefore,  so  completely 
prevent  the  fluid  from  coming  into  contact  with  the  copper  plate  as 
HI  the  other.  A  total  cessation  of  the  current  is,  therefore,  not 
possible  here ;  but  the  separation  of  hydrogen  (which,  according 
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Mi^t^  cspmncnts  on  the  teak  of  lenakm,  itandi  bdow  liiie)^ 

ration  of  the  intensity  of  the  enrrent  in  the  tame 

ly  as  in  the  other  case  the  deposition  of  zinc  had  done. 

Jjf  the  reason  of  the  duniuution  of  the  current  in  ordinary 


mte  be  ng^y  nndentoodi  it  will  be  eeqr  to  find  %  method 
Moidmg  ihie  oeeonenee;  it  bemg  only  neoeflMoy  to  devise 

ia€  arrangement  by  which  the  separation  of  hydrogen  on  the 
pper  and  platinum  plates  may  be  prevented^  so  that  these  platea 
ay  afarayi  remain  in  eontact  with  the  fluid  in  the  aame  manner. 
In  BeeqMereff  and  Dtmieft  eurenity  inetallic  copper  ia  dqpoaited 
I  the  copper  plates  instead  of  hydrogen,  and  thus  a  pure  copper 
rlace  is  always  left  in  contact  with  the  lliiid.  In  Grove's  battery, 
e  platinum  ia  surrounded  by  a  layer  of  nitric  acid,  which  likewise 
renlatea  round  the  eharooal  in  Bmtm's  apparatoa;  thia  add 
wenta  tlie  aeparation  of  the  hydrogen  on  the  platinum  or  the 
larcoal,  for,  at  the  moment  of  their  origin,  the  deposited  particles 
hydrogen  are  again  ojudisedj  and  nitrous  acid  formed* 
lliiaaeemato  be  the  moat  soitabie  jdaee  to  aay  ^  wofda 
moeming  thefariooaflieoriea  that  have  been  advaneed  in  eoqplana- 
)ii  of  the  electrical  phenomena  of  galvanic  batteries,  as  they  have 
riiicd  the  subject  of  the  moat  animated  discuaaiona  between 
iflerent  acicntifie  men. 

The  oUeat  of  theae  ia  the  lAaary  ofeimiaet,  eatabliahed  by  VoUa, 

Jcordmg  to  which_,  the  contact  of  different  metals  is  the  only 
lurce  of  the  electricity  of  the  pile*  Volta  had  devoted  especial 
►tention  to  the  study  of  the  actiona  of  tenaioo  in  batteriei^  and 
Me  are  eiphuned  more  latiaftiftorily  aeoording  to  hia  theory  than 
lait  of  any  other.  He  doubtlessly  disregarded  chemical  phenomena 
om  being  wholly  ignorant  of,  or  but  slightly  acquainted  with 
lem,  and  hence  it  arises  that  he  did  not  devote  aufficient  attention 
\  the  part  played  by  the  flnidi  in  the  cirenil^  eonaidering  them 
wrely  aa  eondoetors,  and  not  aa  electromotors. 

When  the  chemical  actions  of  the  battciy  were  better  known 
id  more  accurately  observed,  the  voltaic  theory  of  contact  waa 
ot  aatiafartoiy,  and  it  beeame  neeasaavy  either  to  eonoborate 
id  enlarge  upon  it,  in  order  to  admit  of  its  embracing  the 
Bwly  discovered  facts,  or  to  set  it  wholly  aside,  and  to  form  an 
itirely  new  hypothesis.  Both  methods  have  been  adopted,  and 
lat  by  diaringwished  natural  philowqphera. 

The  opponenta  of  the  theory  of  contact,  among  whom  Faraday 
knat  be  specially  noticed,  consider  the  clicmical  action  cxci'ted 
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by  the  fluid  upon  the  metal  as  the  source  of  the  electric  current  of 
the  circuit. 

Faraday  was  likewise  indaoed  by  his  theoretical  views  to  intro- 
diice  a-  new  nomenclature,  calling  the  poles  Dlectiodes/'  or  the 
coorses  panned  by  the  eleetrie  ennent  in  entering  tbe  deeoni« 
posing  fluid,  the  positive  pole  ^*  Anode/'  snd  the  negatiTS  pole 

Cathode.'^  The  oonstitnents  of  the  eleetrolyte  (the  deeomposed 
body)  are  according  to  his  nomenclature  loru,  the  Catkion  being 
the  clcnieut  separated  at  the  cathode,  and  the  Anion  that  which  is 
found  at  the  anode. 

It  will  not  surprise  us  that  so  much  misconception  and  diffe- 
rence  of  opinion  should  exist  with  respect  to  the  source  of  the 
eleetricity  in  the  cnrcniti  when  we  consider  how  kfctke  is  known  to 
ns  of  tiie  actual  natnie  of  eleetricity.  "What  do  we  know  ccmoem- 
ing  the  generation  of  electricity  by  friction  beyond  the  simple 
fact  ?  The  reason  of  the  difference  of  opinion  that  existed  regard- 
ing galvanism,  evidently  arose  from  Volta's  disregard  of  the 
influence  exercised  by  chemistry.  This  deficiency,  or  rather  the 
partiality  of  this  view  could  not  long  escape  observation ;  but 
while  many  learned  men  were  striving  to  point  out  the  importance 
of  this  influence  they  fill  into  the  opposite  eitreme  of  awribing 
every  effect  to  chemistry,  and  neglei^cd  those  well  proved  fiuta 
which  constituted  the  basis  of  the  theory  of  contact,  some  even 
suflered  themselves  to  be  so  far  led  astray  as  to  question  the 
correctness  of  Volta's  fundamental  experiments,  or  explained  them 
by  the  hypothesis  that  the  precious  metals  underwent  oxidation. 

The  at^erents  of  both  theories  were  most  sealously  active  in 
advancing  prooAi  ef  the  cerreotnesa  of  thekr  own  cpiniona,  and  to 
these  efforts  we  are  principally  indebted  for  the  advance  that  haa 
been  made  in  the  science  of  galvanism.  Feekaer,  above  all, 
deserves  praise  for  ha\ing  established  beyond  doubt  the  correctnese 
of  Volta's  fundamental  experiments,  and  thus  justified  the  views 
eonoeming  the  excitement  of  electricity  in  various  metala. 
Faraday,  on  his  side,  has  shown  that  galvanic  currents  may 
be  produced  without  the  contact  of  heterogeneous  metals,  thsit 
the  chemical  deeompoeitkm  of  the  fluid  of  the  pile  is  propor- 
tional to  the  quantity  of  the  deetrieal  current,  and  that,  conse- 
quently, this  decomposition  stands  in  the  closest  connection  with 
the  formation  of  the  current  in  the  hydro-electric  circuit. 

As  a  theor)'  of  galvanism  should,  if  possible,  embrace  all  the 
j^enomena  of  the  circuit,  we  can  scarcely  look  for  truth  in  the 


Digitized  by  Google 


MAONBTIO  ACnom  OF  THE  OALTANIC  drBRlim.  89S 

extreme  views  of  either  party.  It  seems^  therefore^  most  suitable 
to  the  present  stage  of  science  to  adopt  some  modified  theory  of 
contact  as  given  above,  since  by  this  means  we  shall  be  best  able  to 
Gonmder  fiom  one  common  point  of  view  the  diflfisvent  phenomena 

exhibited  in  the  circuit. 

Magnetic  actions  of  the  galvanic  current. — It  had  long  been 
known,  that  under  certain  circumstances  powerful  electric  charges 
could  affect  the  magnetic  needle;  it  had,  for  instance,  been 
observed  that  the  needle  of  the  compass  lost  the  property  of 
directing  the  conrse  of  the  ship,  if  the  latter  had  been  stmek  fay 
lightning;  many  natural  phflosophers  attempted  to  produce 
similar  phenomena  by  the  discharge  of  Leyden  jars,  and,  indeed, 
some  succeeded  in  altering  the  magnetic  condition  of  very  small 
needJea,  either  by  suffering  the  spark  to  pass  very  near  the  needle, 
or  the  whole  force  of  the  discharge  pass  immediately  through  it. 
Bnt  all  these  experiments  yielded  no  regular  results,  and  people 
remained  satisfied  with  the  view  that  the  electric  shodL  acted  upon 
the  magnetic  needle  as  the  stroke  of  a  hsmmer.  Subsequent 
experiments  were  made  in  galvanic  electricity  which  yielded  no 
better  fruit ;  finally,  in  the  year  1820,  Oersted,  Professor  at  the 
University  of  Copenhagen,  discovered  a  means  of  causing  elec- 
tricity to  act  certainly  and  constantly  upon  a  magnet.  He  thus 
opened  to  the  scientific  men  of  all  countries  a  new  and  extended 
field  of  investigation,  and  never  before,  perhaps,  had  science  been 
enridied  in  a  short  time  with  the  aoioisition  of  so  many  new 
truths. 

Slectneity  must  be  in  motion  to  act  upon  magnetism  when  at 

rest,  and  in  a  state  of  great  tension  it  does  not  affect  the  magnet, 
as  docs  a  continuous  electric  current. 

In  fact,  on  bringing  a  freely  suspended  magnetic  needle  to  the 
terminating  wire  of  a  pile  while  the  electric  current  is  passing,  the 
needle  wfll  deviate.  This  was  the  first  experiment  made  by 
Denied,  and  it  is  singular  that  a  rimilar  observation  had  not  long 
■inee  been  accidentally  made  in  the  many  experiments  tried  with 
the  pile. 

The  principal  experiment  on  the  action  of  the  galvanic  current 
upon  the  needle  may  be  made  in  the  following  manner :  a  some- 
what thick  copper  wire  must  be  bent  into  a  square,  the  sides  of  which 
must  be  from  8  to  10  inches  in  length ;  we  must  now  plunge  the 
two  eitremitiea  of  the  wire  a  b  BoAfg,  Fig.  415,  into  the  mercury 
cup  of  a  galvanic  battery  of  large  suiftoe,  (as,  lor  instanccty  into 
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the  cup  of  the  apparatus  seen  in  Figs.  401  and  402),  or  wc  must 
...  connect  them  with  the  poles  of  the  Bunsen  appar 
ratus,  Becurmg  them  in  socn  a  manner  that  the 
phmes  of  the  Bqnaie  may  eoiiiicide  with  the  planes 
of  the  magnetic  meridian.  If  we  astume  that  the 
wire  end  a  6  is  plunged  into  the  positively  eteetrie 
mercury  cup,  the  current  will  circulate  in  the 
manner  indicated  by  the  arrows.  It  will  ascend 
from  b  to  c,  but  from  c  to  d  it  will  run  in  the 
direction  of  the  magnetic  meridian  horizontally  from 
south  to  norths  thence  will  descend  from  d  to  e,  and  move  again  in 
a  horiiontal  line  ton  north  to  eooth  along  the  foxtim  of  wire  « / 
On  holding  a  magnetie  needle  eiactly  over  the  portion  of  wiie 
c  d,  it  wonld  ransin  pandkl  with  the  wife  ci(  if  no  aetkm  of  the 
current  affected  it ;  but  the  current  makes  the  needle  deviate  in 
such  a  manner  that  the  south  pole  (that  is  the  one  directed  towards 
the  north)  lies  to  the  east  of  the  magnetic  meridian.  If  we  hold 
the  needle  under  the  portion  of  wire  e  d,  the  end  of  the  needle 
tnrned  to  the  north  w^  be  inclined  towards  the  west 

The  exBcdy  opposite  action  is  observed  in  the  portion  of  wire  ef, 
in  which  the  enrrent  moves  in  a  direction  parallel,  bat  opposite 
to  that  of  the  current  in  c  d;  when  the  needle  is  held  exactly  over 
e/  a  deviation  to  the  west,  and  when  held  below  it,  a  deviation  to 
the  east  will  be  observed. 

At  first  great  difficulty  was  experienced  in  knowing  how  to 
eipress  in  a  few  words  the  relations  between  the  direction  of  the 
CQirent  and  of  that  of  the  deviation,  this  difficulty  has,  however, 
been  very  ingeniously  removed  by  An^phn^  who  has  given  the 
Allowing  role  for  ascertaining  at  aQ  times  the  direction  of  the 
deviation.  Suppose  a  little  figure  of  a  man  to  be  so  inserted  into 
the  wire  that  the  -f  current  shall  enter  at  the  feet  and  pass  out 
at  the  head ;  if  then  the  face  of  the  figure  be  turned  to  the  needle, 
the  south  pole  of  the  latter  (the  north  end)  will  always  he  inclined 
towards  the  left  side. 

The  figure  lies  horiiontally  on  the  piece  of  wire  e  d,  the  head 
turned  to  the  north,  and  the  feet  to  the  south.  If  the  needle  he 
held  over  the  wire,  the  iigore  must  lie  on  its  back  in  order  to 
have  the  face  turned  towards  the  needle,  and  in  this  position  its 
left  side  will  be  the  east.  If  the  needle  be  held  below  the  wire,  the 
figure  must  be  turned  with  its  Dace  downwards,  when  the  left  side 
will  be  the  west. 
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Q  the  pieee  of  wire  e  /  tbe  feet  of  the  figure  are  tamed  to  the 
:h  and  the  head  to  the  south ;  if  it  be  laid  on  its  back,  the 
side  will  be  the  west,  and  of  course  vice  vertd,  if  we  lay  it 
ita  hot. 

f  a  homontal  cmraii  nofing  in  the  direciion  of  tiie  magnetio 

idian  were  to  act  alone  upon  the  needle,  the  latter  would  place 
U  at  right  angles  to  the  magnetic  meridian ;  but  besides  the 
rant  ttt'Mstnal  magnBtiain  eoniMi  i^to  pby^  snd  strivw  to 
ig  Hhit  needle  back  again  into  the  mmtfan.  The  needk 
,  therefore,  assume  a  middle  position  tmder  the  influence  of 
se  two  I'orces^  making  an  angle  with  the  magnetic  meridian, 
fih  will  qpproadi  more  and  more  townda  a  light  ang^  in 
portion  aa  the  Ibm  of  the  eomnt  is  eomparatively  greater 
n  the  foree  of  the  terrestrial  mapnietism. 

rhe  vertically  directed  current  in  6  c  and  in  d  e  causes  the 
die  likewise  to  deviate^  and  the  direction  of  this  deviation  may 
>  be  iband  aeeording  to  AmpM9  mlea.  Let  na  ■qnpN»  thia 
ne  standing  vertically  to  be  tnmed  towards  the  north  end,  this 
I  must  then  incline  to  the  left.  Here  we  must  not  forget, 
fever,  that  the  iigure  must  stand  upon  ita  feet  for  an  ascending 
rent,  and  on  ita  head  for  a  descending  one* 
[t  Allows  ftom  AmpMu  mle,  that  the  aame  ▼ertieal  enxrent 

itr  attracts  or  repels  the  north  end  of  the  needle,  according  to 
side  of  the  wire  on  which  this  pole  is  placed.    In  Fig.  416 
&  icpiesants  a  horiaontal  needle  seen  from  abovei  N  ia  the 
no.  416.  norili  end  of  tiie  needle^  w  a  vntieal 

wire,  which  naturally  seems  con- 
tracted to  a  point  as  seen  from 
above.  If  now,  a  +  current  pass 
from  below  upward  through  the  wire, 
we  must  suppose  the  figure  to  be 
upricrht ;  but  if  this  upright  figure 
turned  with  its  &ee  towards  iV,  and  the  pole  N  in  relation  to 
ia  figure  be  tnmed  to  the  left,  aa  the  arrow  indiestes^  the  needle 
n  evidently  be  repelled  by  the  wire.  If,  however,  the  needk- 
in  the  position  N'  S^j  it  will  evidently  be  attracted  by  the 

'0. 

The  MMpUcaior  or  ike  OtOomimiieter.^hxsgiif  after  Oersted 
i  made  his  important  discovery  Sehweigger  eonstmeted  his 

iltiplicator,  the  object  of  which  is  to  multiply  the  electro- 
agnetic  actiMi  of  the  current.   This  instrument  is  actually  80> 
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■engitive^  that  it  may  aem  to  detect  the  weakest  electrie  camnts. 

All  parts  of  the  current  traversing  the  elongated  parallelogram 
p  qr  0  n,  Fig.  417,  in  the  direction  of  the  arrows,  act  in  a  similar 
wtQ,  417.        ^'*y  ^poii  the  needle  a  b,  which  rotates  in  a 
horizontal  plane.    If  a  be  the  south  end,  and  b 
the  north  end,  the  enireiLt  will  ahow  a*^  tendency 
/^^^^  If"^!  ^  *11  points  to  turn  the  needle  in  soeh  a  manner 
/  that  h  shall  project  beyond  the  plane  of  the 

iigure,  whilst  a  will  retreat  behind  it.  The  lower  portion  of  wire, 
therefore,  supports  the  action  of  the  upper  in  the  same  manner 
as  does  the  current  in  the  portions  p  q  and  r  o.  A  second  current 
of  the  same  force,  moving  in  the  same  direction  round  the  needle 
will  produce  as  great  an  effect  as  the  first,  and  thus  it  will  be  with 
a  th^,  a  fourth,  &c*  A  wire,*  therefore,  wound  roond  a  needl^ 
in  100  conTolntionB^  all  of  which  are  traversed  by  the  same 
current,  must  produce  an  action  of  100  times  greater  intensity 
than  one  of  a  single  convolution ;  the  current  must  not,  however, 
be  propagated  laterally  from  one  winding  to  the  other,  but  must 
traverse  the  wire  throughout  its  whole  length,  being  carried 
actually  round  the  needle.  To  effect  this,  we  take  a  copper 
wire  from  15  to  20  metres  in  length,  and  dosely  twined  round 
with  silk,  which  is  then  wound  upon  a  wooden  or  metallic  frame. 
The  two  extremities  of  the  wires  of  the  multqplieator  must  remain 
free,  so  that  they  may  be  brought  into  contact  with  the  poles  of  the 
galvanic  circuit.  Tlie  needle  is  siii^pended  by  a  silk  untwisted  thi*ead, 
and  the  whole  apparatus  protected  from  currents  of  air  by  a  glass 
bell.  On  n'ft^i^g  an  experiment  with  this,  we  place  the  frame  in 
gnch  a  manner  that  the  planes  of  the  circnmvdutions  shall 
coincide  with  the  magpaetic  meridian,  when  the  needle  will 
likewise  he  in  the  plane  of  tiie  circumvolutions  while  no  cuireat 
is  passing,  hut  as  soon  as  this  is  established  the  needia  wiB 
deviate  in  proportion  to  the  intensity  of  the  current. 

Nobili  has  made  a  multiplicator  infinitely  more  delicate  than 
the  one  we  have  been  considering^  by  making  use  of  two  needles 
with  opposite  poles,  instead  of  one  needle,  as  seen  in  Fig.  41 8, 
WM*  418.  n«.  419.  and  still  better  in  Fig. 

419.     In  a  system  of 
needles  of  tins  hind,  the 
I'  "Y"  directing   force  'of  the 

earth's  magnetism  is 
very    inconsiderably  it 


Digitized  by  Google 


THE  TANQSNT  COMPASS. 


897 


riG.  420. 


wta,  421. 


being  only  the  difference  of  the  forces  with  which  the  terrestrial 
magnetism  strives  to  direct  each  needle.  If  both  needles  were 
absolutely  equal,  and  possessed  a  perfectly  equal  amount  of  mag- 
netism, the  directing  force  exercised  by  the  earth  upon  this 
system  would  be  nulL  But  one  d[  tbe  needles  is  suspended  witbin, 
sudtbe  other  over  tbe  coils  of  wire,  both  will  therefore  be  turned 

towards  tbe  same  side  by  tbe  eorrent. 
An  apparatus  of  this  kind  is  extremely 
delicate. 

To  connect  the  wires  in  ft  secure 
maimer,  we  must  either  pass  both 
tbiougb  a  peifeetly  straight  blade  of 
straw,  or  seeoze  them  to  a  my  tbin 
wii^  as  seen  in  Fig.  419. 

The  upper  needle  moves  in  a  circle 
divided  into  360  degrees.  The  line 
connecting  0  and  ISO^  is  marked  upon 
the  magnetic  meridian ;  when  there  is 
'no  eorrent  passing  through  tbe  convolu- 
tions tbe  needle  points  to  0^.  Tbe 
deviation  of  tbe  needle  increases  witb 
tbe  increasing  force  of  tbe  conrent; 
this  force  is  not,  however,  proportional  to  the  angle  of  deviation. 

The  direction  of  the  deviation  of  the  needle  determines  the  direc- 
tion of  the  current. 

Fig.  420  represents  a  complete  galvonometer,  and  4&1  exhibits 
tbe  6ame  witb  tbe  coils  of  tbe  wire  as  seen  from  above* 

TUtf  TKUffent  Qmipau. — When  we  bave  to  do  witb  stronger 
enrrents,  it  is  not  necessary  to  use  an  astatie  needle,  or  to  wind 
the  wire  so  many  times  round  the  needle ;  we  are  consequently 
enabled  to  construct  instruments  in  which  the  angle  of  deviation 
stands  in  a  simple  relation  to  the  force  of  the  current.  The  most 
simple  and  useM  apparatus  for  measuring  powerful  currents  is 
the  so-called  tangent  compass  represented  at  Fig.  42S^»  The 
conent  is  conducted  by  a  dreolarly  formed  vertical  copper  strip 
imind  tbe  nee^  wbidi  is  in  tbe  middle  of  tbe  drde,  compared 
witb  whose  diameter  it  is  very  small.  The  current  is  conducted 
through  a  hollow  copper  cylinder,  from  which  it  passes  into  the 
circular  band,  while  the  other  end  of  the  copper  ring  is  in  con- 
nection with  a  copper  rod  passing  through  the  centre  of  the 
tube,  without  being  in  contact  witb  it.    Thus  tbe 
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eniteiit  may  rue  tliroii|[^  the  hoUow  copper  cylinder,  end 

o?8r  to  the  eopper  ring,  tr»- 
versiiig  its  whole  length,  and 
returning  again  through  the 
copper  rod,  which  is  insulated 
in  the  middle  of  the  cyhnder. 

The  appantns  it  ao  pkced, 
that  the  eopper  ring  liee  in 
the  plane  of  the  magnetie 
meridian,  the  needle  naturally 
being  in  this  case  in  the 
vertical  plane  of  the  ring,  and 
pointing  to  the  0  of  the  gra- 
j  duated  di?iaion ;  as  won,  hoir- 
ever,  as  a  i^vanie  eonent 
paeses  through  the  copper  ring, 
the  needle  ia  made  to  dennte, 
and  the  force  of  the  current  will  be  proportional  to  the  trigono- 
metrical tangent  of  the  angle  of  deviation,  hence  the  name  of  the 
instrument. 

Farce  ^  ihe  galvanic  eireuU. — The  agent  whieh  prodnees 
the  phenomena  of  galvanism  is  nothing  more  than  the  eleetridty 
generated  in  the  electrizing  maehine  and  m  the  deetrophoros,  only 
here  the  deetricity  is  in  motion,  and  there  it  is  at  rest;  the  one 

presents  us  with  phenomena  of  motion,  the  other  those  of  pressure ; 
the  one  affording  us  an  abundant,  the  other  a  comparatively  poor 
supply  of  electricity. 

We  may,  perhaps,  make  the  true  relation  of  the  matter  clearer  by 
an  illustration.  Thus  we  may  compare  the  electrifying  machine  to 
a  well,  which  yields  water  bat  sparingly,  bnt  lies  hig^  on  a  hilL 
The  water  may  be  colleeted  in  a  narrow  conducting  pipe  continued 
into  the  valley  and  closed  below.  The  walls  of  this  tube  have 
naturally  to  sustain  a  great  pressure,  especially  at  the  lower  end, 
although  the  mass  of  water  in  the  tube  may  be  small.  At  the 
lower  end  of  the  jtube  there  is  an  opening  dosed  by  a  valvi^ 
which  is  pressed  against  the  aperture  by  a  spring  or  a  weight. 
The  more,  however,  the  column  of  water  rises  in  the  tube  the 
stronger  win  be  the  pressure ;  and  when  the  CKtenial  ooontcr  prea* 
sure  no  longer  suffices  to  afford  resiBtanee,  the  vahe  will  be  opened, 
and  the  water  will  rush  violently  forth,  at  the  same  time,  however, 
the  levd  of  the  water  in  the  tube  will  rapidly  sink ;  the  external 
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pwamute  will  again  aoqime  a  prcpoaderatiiig  force  and  doae  the 
aperiuie.  By  degreea  the  tohe  will  he  refilled^  and  after  a  time 
tiie  water  will  riae  ao  high,  that  the  valve  will  he  again  opened. 

In  the  electrifying  machine  the  conductor  is  the  yessel,  or 
conducting  pipe,  in  which  the  electricity  is  accumulated.  If  we 
hring  a  conductor,  as  the  knuckle  of  the  finger  to  the  one  end  of 
the  conductor,  the  greatest  accumulation  of  electricity  will  take 
place ;  the  electricity  will  have  a  tendency  to  pass  to  the  finger;  but 
tiie  layer  of  air  between  the  condQetor  and  the  hand  repieaenting 
the  weight  Vbich  bolda  the  valye  down,  will  binder  ita  paaaage.  It 
ia  only  wben  the  electricity  on  the  conductor  has  aceimnilated  to  a 
certain  amount  that  the  resistance  is  overcome,  the  layer  of  air 
broken  through  and  the  conductor  partly  discharged.  On  bring- 
ing the  finger  still  nearer  to  the  conductor,  the  resistance  opposed 
to  the  passage  of  the  electricity  ia  dimuuHhcd,  which  again  ooirea- 
ponda  to  the  abatement  of  the  preaanie  that  keepa  tlie  valve  of 
the  oondneting  pipe  doaad. 

If  the  oix  Bning  at  the  lower  end  of  Ae  eondnetn^  tube  were 
not  shut  by  the  valve,  the  water  would  flow  out  in  the  same 
proportion  as  that  supplied  by  the  spring,  and  the  accu- 
mulation of  the  water  together  with  the  pressure  sustained  by  the  . 
wails  would  cease.  As,  however,  the  spring  yields  only  a  small 
qioantity  of  water,  very  little  will  flow  firom  the  aperture^  and  the 
water  which  waa  able  to  bear  ao  great  a  preaaore  wben  acemnii- 
lated  in  the  tobe^  can  aeaxoely  produce  any  perceptible  mechanical 
effect  when  it  ia  anffered  to  ^nr  freely  out. 

The  case  of  the  conductor  of  the  machine  being  brought  in 
conducting  communication  with  the  earth  or  the  rubber,  corres- 
ponds to  the  free  discharge  of  water  from  a  scantily  supplied 
apring.  All  tension,  or  accumulation  of  electricity  on  the  con- 
dnetor  eeaaea ;  the  thinneat  wire  being  then  able  to  draw  off  all 
the  deetrieity  from  the  conductor;  while  the  fredy  diadiaiging 
dectrieity  aearoely  givea  the  slightest  evidence  of  thoae  powerfrd 
actions  observed  in  galvanic  apparatus. 

A  galvanic  apparatus  is  like  a  very  copious  spring  having  an 
inconsiderable  fall,  and  whose  water  is  freely  discharged  in  wide 
channda.  The  whole  mass  of  the  water  exercises  but  a  trifling 
pieaanie  on  the  walls;  butit  ia  oapaUe  of  producing  medianicd 
dfoeta,  mofing  wbedi^  Aec. 

If  a  large  Leyden  jar  be  diadiarged  by  a  thin  wirOi  the  latter 
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wflly  asm  have  abeadyseeD^  become  red  hoty  owing  to  the  qoaiiAity 
of  electricity  passed  tfarougli  it.  The  actkniy  however,  ia  only 
momentary,  as  all  the  electricity  aecamolated  in  the  jar  by  tiie 

continued  turning  of  tlic  machine  passes  in  a  moment  through 
the  thin  wire.  The  case  is  totally  different  when  we  unite  by 
a  thin  short  wire  both  poles  of  a  galvanic  appai-atus  with  large 
plates.  The  wire  will  become  red  hot  even  when  it  is  far  thicker 
than  the  wire  heated  by  the  discharge  of  the  Leyden  jar: 
but  here  the  heating  is  not  momentary,  bat  continnes  as  long 
as  the  cnrrent  passes  through  the  wire ;  at  every  moment,  there- 
fore^ the  galvanic  apparatus  yields  incomparably  more  electricity 
than  can  be  accumulated  in  the  Leyden  jar  by  a  continued 
turning  of  the  machine. 

Let  us  now  proceed  to  examine  the  circumstancea  on  which 
dq[»end8  the  qoantity  of  electricity  which  can  be  engendered  by 
agahanic  aj^paratus. 

When  two  metalaarebrooght  into  contact,  if  only  at  afewpcnnta, 
we  at  once  obtain  an  abundant  supply  of  dectricity.  We  have  already 
seen  that  we  cannot  form  a  galvanic  apparatus  without  such  bodies 
as  belong  to  the  sericvS  of  tension.  Galvanic  circuits  are  cons- 
tructed of  metals  and  fluids ;  the  latter^  however,  are  not  good 
conductors  of  electricity,  and  rank  in  this  .respect  far  below 
metals.  The  moist  layers  intervening  between  the  metal  plates 
of  the  voltaic  pile  are  not  able  in  a  given  time  to  give  a  passage 
to  all  the  electricity  which  m  the  same  period  of  time  may  pos- 
sibly be  engendered  by  the  electromotor  force  of  the  pile.  It  will 
of  course  be  understood  that  the  quantity  of  the  electricity  which 
can  circulate  in  such  an  apparatus  depends  upon  the  diagonal 
section  of  the  moist  layers ;  now  as  the  diagonal  section  of  the 
moist  conductor  in  the  voltaic  pile  depends  iqpon  the  aiae  of  the 
doable  platea,  we  may  by  inereaaing  the  siie  of  the  latter,  angment 
the  quantity  of  the  electricity.  We  shall  snbaequently  learn  by 
experimental  proofs  to  test  the  correctness  of  this  view. 

With  the  increase  of  the  plates  in  the  voltaic  pile,  the  surfaces 
of  contact  between  the  copper  and  zinc  also  increase ;  that  the 
increased  quantity  of  the  electric  current  is  not  occasioned  by 
thill  circumstance  is^  however,  proved  by  the  fact  that  the  lypa- 
rataa  delineated  in  Figs.  401,  402,  and  404^  ;whieh  have  a  large 
diagonal  floid  snrfroe  intervoung  between  the  copper  and  im^ 
yield  a  oonridenble  quantity  of  electricity,  although  the  two 


Digitized  by  Google 


1 


fOlCl  Of  TBB  eAIiTAIflC  OIICUIT.  401 

la  ate  only  immglit  into  eonteet  at  a  proportkmally  ttnaU. 
lee,  namely^  whefe  the  copper  wire  is  soldered  to  Uie  zinc 
der  or  plate. 

feryihmg,  therefore^  which  promotes  the  passage  of  eloe* 
ij  tiumg^  the  fluid  eondnetor  effiseta  an  imniadiatft  inenaae  of 
quantity  engendsfed.  The  shorter  die  oovme  is  wfaieh  Ao 

ricity  must  traverse  in  passing  through  the  fluid,  and,  conse- 
itly,  the  thinner  the  fluid  layer  between  the  metal  plates^  the 
ter  will  be  the  quantity  of  eledridty  that  can  emulate  in  the 
latna.  Thna,  die  gveaterihe  condading  power  of  the  flaid,  and 
closer  the  metal  plates  approximate  to  each  other  in  the  fluid, 
greater  will  be  the  electric  quantity  of  the  current. 
9t  oa  now  inquiie  into  the  influence  exeiaaed  by  the  number 
le  donbk  plito  upon  the  galvanic  cunent*  If  we  suppose  a 
t  disc  or  hyer  to  be  placed  between  a  zinc  and  a  copper 
?,  and  the  metals  united  by  a  copper  wire,  we  shall  have  a 
»d  simple  galvanic  circuit.  The  resistance  to  be  opposed  by 
current  in  the  moist  eonduetor  is  ineompanhly  greater  than 
taaieUmee  uppaaed  by  the  wire  to  tile  eireoktion  of  the  eurrsnt ; 
apparatus  yielding  far  more  electricity  than  the  moist  Con- 
or can  transmit.  If  we  double  the  number  of  elements, 
lecting  tte  uppermost  copper  plate  by  a  copper  wire  with  the 
at  mneplate,  we  dudl  have  a  eneuii  of  two  dementa.  The 

lion  here  arises,  as  to  whether  by  thi^  arrangement  a  larger 
itity  of  electricity  can  be  made  io  circulate  than  in  the  above 
idered  simple  circuit  ? 

I  tlie  aimpla  eiieui^  the  quantity  cf  the  dienlating  dectricity 

mited  by  the  resistance  of  the  moist  conductor;  now,  thia 
tance  is  doubled  by  the  second  moist  layer ;  but  then,  on  the 
r  hand,  the  tension  urging  the  passage  of  Ihe  dectnc  current 
butoasa  twiee  as  great,  and,  conaequently,  an  equal  quantity  of 
rieily  win  dseobte  in  bodi  eaaea.  Tlie  increase  of  tin  number 
ouble  plates  does  not  tend  to  augment  the  quantity  of  the 
dating  elactndty  when  the  circuit  is  perfectly  closed^  since,  in 
eaae^  it  is  quite  immaterial  whether  we  uae  one  or  many  paiva 
btea.  in  animperfeGtly  doaad  circuit,  however,  that  ia,  when 
id  conductor  has  been  made  to  complete  the  circuit,  many 
ia  must  be  made  use  of,  as  a  greater  degree  of  electric  tension 
tecaaaary  to  force  a  passage,  as  it  were,  thfoug^  the  bad 
hietor.  The  intensity  of  the  galvanic  current  is  proportional 
le  number  of  the  doubk  platea. 

D  D 
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OM9  law, — ^The  above  indicated  relations  of  the  force  of  tlie 
emicnt  with  reference  to  the  elementa  of  the  eireiiit  have  ben 
fedneed  by  Okm  to  striet  mathematical  formate.  By  meana  of  the 
law  named  after  him,  (of  which  we  shaO  treat  presently),  aieeure 

basis  was  first  given  to  the  investigations  made  on  the  force  of  the 
electric  current. 

In  order  that  an  electric  current  may  pass  through  a  conductor, 
it  ia  indubitably  nccoeaary  that  the  dectricity  should  have  an 
meqnal  degree  of  tenaioii  at  different  parts  of  the  conductor.  If, 
for  instance^  we  tom^  the  eoadactor  of  aa  deetri^fing  madiine 
with  a  wire,  the  eleetridty  will  be  propdted  throogh  the  latter, 
solely  on  account  of  the  strong  tension  of  the  electricity,  which 
drives  it  through  the  wire  to  the  conductor,  there  being  a  greater 
accumulation  of  electricity  at  the  end  of  the  wire  in  contact  with 
the  conductor  than  at  the  opposite  end;  thus,  on  connecting 
together  by  means  of  a  wire,  two  similar  conductors  eqiially 
strongly  charged  with  electricity,  no  current  will  be  formed. 

When  the  VoUtde  pile  is  insiJated,  the  q;ipo8ite  deetrieitiea  si 
the  poles  will  be  in  a  state  of  tension,  and  tiiis  condition  cannot 
possibly  entirely  cease  on  connecting  the  two  poles  by  a  conductor, 
since  no  -f  electricity  can  flow  from  the  +  pole  if  there  be  not 
here  a  greater  accumulation  of  the  same  kind  of  electricity ;  a 
certain  tension,  like  a  certain  pressure,  as  it  were,  is  necessary 
to  oeoasion  a  motion,  by  which  the  resistsnoes  nu^  he  overeome  hi 
the  eondnetor  thioogh  which  the  current  is  to  pass. 

The  quantity  of  electricity  passing  tiirough  a  condiytor  dependa 
essentially  upon  two  dreomstsnces ;  first,  on  the  resistance  to  be 
overcome  in  the  conductor ;  and  next,  on  the  tension  or  pressure 
urging  the  electricity  through  the  conductor;  it  will  now  be 
easily  seen,  that  the  quantity  of  electricity  passing  in  a  ^ven 
time  through  some  specified  conductor,  must  stand  in  an  inverse 
relation  to  the  resistance  in  the  eondnetor,  and  in  a  dned 
fdation  to  the  dectrie  tension  urging  the  current  through  the 
eondnetor.  The  tendon  is  here  to  a  certain  extent  the  aoodenting 
force. 

The  quantity  of  electricity  passing  through  a  conductor,  that  is, 

the  force  of  the  current,  may  be  expressed  by       if  i?  dewig;nate 

the  electric  tension  engendered  by  the  current,  and  L  the  renat- 
anoe  to  be  overcome  in  the  conductor. 

Let  us  here  eoosider  the  current  ,  of  one  simple  dosed  vi^taie 
dement.   Let  e  be  the  tension  occasioned  by  the  cuneut,  \  the 
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ndstaiioe  in  the  eireoit  itaelf ^  and  /  that  in  the  me  doeing 

the  circuit ;  then  the  force  of  the  current  p  =  z  .  r 

If  we  had  eomhined  n  saeh  elements  Into  a  oolnmn,  the 

electric  tension  setting  in  motion  the  current  would  be  n  c ;  hut 
the  resistance  in  the  circuit  being  increased  in  an  equal  proportion, 
as  it  has  to  be  overcome  not  only  in  one  clement,  but  in  n 
elements^  the  resistance  in  the  conductor  will  be  now  nX.  If 
now  the  aie  ekwing  the  eirele  ia  the  same  aa  in  the  simple  drenity 

we  have  for  the  force  of  the  current     =    ^  ^ 

If  /  were  very  small  in  comparison  with  \,  the  above  given 

vahie  of  p  would  be  nearly      but  the  value  of  p^  would 

be  -r-,  consequently  also  =    :  if,  therefore,  the  resistance  in  the 

are  eloaing  the  circuit  be  small  in  comparison  with  the  resistance 
of  one  smc^  element,  the  Increase  of  the  dements  will  aflford 
no  advantage.   On  the  other  hand,  an  increase  of  the  dements 

will  occasion  an  increase  in  the  force  of  the  current,  if  /  be  very 
large ;  that  is,  if  there  be  a  considerable  resistance  to  be  overcome 
in  the  arc  closing  the  circuit. 

We  will  now  consider  the  influence  exercised  on  a  simple 
dfeiiit^  by  an  merease  of  its  soffBce.   The  Ibfoa  of  the  cnnent 

for  a  single  element  was  designated  above  as  |7  =  XT?  *  ^ 

the  snrfiwe  of  the  voltaic  elements  be  increased  n  times,  without 
altering  anything  else,  the  only  result  will  be  to  make  the 
resistance  in  the  circuit  itself  n  times  smaller,  owing  to  the 
diagonal  section  of  the  fluid,  through  which  the  current  must 
paa^  becoming  n  times  greater;  instead^  therefore,  of  the 

resistance  X,  we  shall  now  have  ^  and,  consequently,  the  force 

ct  the  cumnt  j/'  wfll  now  be, 


or  what  is  the  same  things 
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If  (  Uiat  is  to  say,  the  lenstanoe  in  the  are  doaing  the  ebeoity 
were  null,  the  force  of  the  eonent  wonM  he  proportional  to  the 

superfices  of  the  electric  element;  and  this  is  very  nearly  the 
case  when  /  is  extremely  small ;  an  increase  of  surface  produces, 
therefore,  an  increase  in  the  force  of  the  current,  if  the  resistance 
in  the  closing  are  be  small  in  proportion  to  the  resistance  in  the 
eircuit  itself. 

The  Talnea  for  the  reaiataneea  in  the  cirenit  itself,  and  in  the 
doaing  an^  mnat,  aa  we  diall  preaently  aee,  he  referred  to  the 
asme  nnit. 

These  laws  arc  fully  confirmed  by  experiment. 

In  order  to  show  that  the  force  of  the  current  stands  in  an 
inverse  relation  to  the  length  of  the  closing  arc,  we  have  merely  to 
complete  the  circuit  of  a  galvanic  element  (for  instance,  one  of 
BeeqvareP9  elementa)  hy  a  tangential  compaaa,  and  then  insert, 
according  to  the  aeriea,  pieoea  of  wire  of  different  length,  noting 
eadi  time  the  corresponding  deviation. 

A  seriea  of  experimenta  of  this  kind  gave  the  following 
results : 


Length  of  the  copper 
wiies  inaezted. 

uwukmh  ooNrvBib 

Tangents  of  the  aii|^ 
of  devutioiia 

0  metre* 

5 

10 
40 
70 
100 

e2P  oo' 

40  20 

28  80 
9  45 
6  00 
4  15 

1,880 
0,849 
0,548 
0,172 
0,105 
0,074 

We  ohaerve  here,  no  regularity  in  the  decrease  of  the  intenaify 
of  the  corrent  on  lengthening  the  inaerted  wire;  hut  when 
we  oonaider  that  thia  wire  ia  not  the  only  reaistanoe  to  ^ 
enrrent,  and  that  in  the  eleetiomotor  apparatna  itaelf,  and  in  the 

different  parts  of  the  compass  through  which  the  current  passes,  a 
resistance  has  to  be  overcome,  which  we  will  designate  as  the 
resistance  of  the  element,  it  will  be  evident  that  this  last  r>ftT"**^ 
resistance  may  be  estimated  aa  equal  to  the  resistance  of  a  copper 
wire  of  the  same  thickness  as  the  one  inaerted,  and  of  the  nnknoiwn 
length  # ;  the  following,  therefore,  are  actually  the  coneqpondioig 
lengtha  of  the  dreoit,  and  of  the  angles  of  deviaftioa. 
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•  *  •   ^      A.\.    ^         -        —  *  - 

LeitgUi  of  toe  OMin* 

DeviatuMi  dbNned. 

TangeBto  of  tlie  angle 
of  devialkm. 

X 

62^ 

00' 

1,880 

X  +  5 

40 

20 

0,849 

X  +  10 

28 

30 

0,543 

X  +  40 

9 

45 

0,172 

X  +  70 

6 

00 

0;105 

X  +  100 

4 

15 

0,074 

If  now  the  force  of  the  hydro-electric  currents  is  actually 
inversely  as  the  length  of  the  circuit,  the  numbers  of  the  lirst 
oolumn  must  be  inversely  as  the  numbers  of  the  last^  and 
oonsequently,  x  :  x  ■\'  0,849  :  1|880,  whence  it  follows  tbat 
9  s  4^11.  If,  ia  the  same  manner,  we  compare  the  first  observa- 
tkm  with  all  those  saeceeding  it,  we  shall  always  obtain  the  same 
value  for  w;  and,  indeed,  the  values  thus  computed  for  9  are  very 
nearly  equal  to  each  other :  we  find,  for  instance,  besides  the  value 
already  computed,  4,06,  4,03,  4,14,  and  4,09  metres.  The  mean 
of  which  is  4,08. 

The  resistance  of  the  element  is,  therefore,  equal  to  the  resis* 
tance  of  a  copper  wire,  4,08  metres  in  length,  and  of  the  same 
thickneas  as  the  one  inserted.  If  we  make  this  length  our 
standardi  we  may  easily,  by  aid  of  the  general  law,  that  the 
force  of  the  cnnent  is  inversely  as  the  length  of  the  cireoit, 
compute  the  deviations  that  will  be  obtained,  and  then  compare 
them  with  those  directly  observed,  as  has  been  done  in  the  follow- 
ing table. 


iiength  of  the  drcoit. 

TbS  OMBMltod  do> 

viatioB. 

The  dsviaiioB 
actodlf  obMrved. 

DiflSnrBDOB* 

4,08  metres 

620  00/ 

62^ 

OO' 

9,08 

40  18 

40 

20 

+  2 

14,08 

28  41 

28 

30 

—  11 

4i,08 

9  56 

9 

45 

—  11 

74,08 

5  57 

6 

00 

+  8 

104,08 

4  14 

4 

15 

+  1 

Such  an  accordance  between  the  results  of  observation,  and 
those  derived  from  a  general  law,  leave  no  doubt  as  to  the  correct- 
ness of  that  law.. 
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In  order  to  show  that  in  a  perfectly  closed  circuit,  that  is,  where 
the  resistance  in  the  conductor  is  very  inconsiderable^  the  number 
of  the  eKements  does  not  increase  the  force  of  the  cunrent  in  the 
closing  arC|  we  must  sacoesBiTely  complete  a  eircnit,  composed 
of  1^  2^  3,  or  4  dementSy  through  the  tsngentisl  oompassy  and 
then  observe  the  corresponding  deviation.  A  series  of  experimenta 
of  this  kiud^  gave  the  following  results  : 

Number  qf  dementi.  Deviitioii  obeenred. 

1  .  .  W> 

2  .  .  .      .  66,5 

3  .  .  .       .  67,5 

4  .  .  .  .67 

5  .  .  .  .68 

6  .  .  .64. 

We  see  here,  that  the  force  of  the  current  remains  almost 
entirely  unchanged,  not  increasing  with  the  addition  of  the 
elements.  The  reason  of  its  not  remaining  whoUy  unchanged 
is,  that  the  individual  elements  are  not  perfectly  equal. 

Where,  however,  there  is  a  considerable  resistance  to  be  over- 
come, the  Ibree  of  the  current  is  certsinly  increased  with  the 
number  of  the  elements.  Six  elements,  closed  by  the  tangential 
compass,  yielded  a  deviation  of  39*^  after  the  insertion  of  a  wire 
40  metres  in  length. 

One  element,  closed  in  the  tangential  compass  by  the  same  wire^ 
measuring  40  feet  in  length,  only  showed  a  deviation  of  11®. 

Gapactl^  metali  for  amAteHn^  ekeirie  ewrmUi,  or  the  eon- 
dueiikUify  of  mstoJir.— In  the  experimenta  given,  (at  page  404), 
piecea  of  wire,  varying  in  kngUi,  were  inserted  in  the  doaing 
arc  of  the  circuit,  and  the  relation  of  the  force  of  the  current 
to  the  length  of  the  closing  wire  was  thus  obtained.  If  now  we 
insert  into  the  closing  arc  wires  of  equal  length,  but  of  unequal 
thickness,  composed  of  the  same  metal,  and  still  observe  the 
corresponding  deviations  of  the  needle  of  the  tangential  compass, 
we  shall  ascertain  £rom  these  eqwrimenta  the  relation  that  the 
force  of  the  current  bears  to  the  thidmess  of  the  wires;  and  here 
we  find,  that  ike  force  of  tko  emrmi  u  proporHmdto  ike  trasuverge 
section  of  the  wires ;  or  in  other  words,  that  two  wires  composed  of 
the  same  metal  will  exercise  an  equal  resistance,  if  their  lengths  are 
inversely  as  their  transverse  sections. 

In  order  to  compare  the  conductibiiity  of  different  metah^ 
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no  method  is  simpler,  or  more  certain,  than  to  conduct  the  current 
of  a  sufficiently  powerful  element  through  a  tangential  compass^  to 
insert  wires  of  different  metals  in  the  closing  arc,  and  to  observe 
the  corresponding  deviaftions. 

The  fi^wing  are  the  numbers  eqnresauig  the  wpt^mty  of 
diflferent  metals  for  oondncting 


ennents; 


Silver 

Gold 

Copper  . 
Zinc  • 
Platinnm 
Lron 
Mercury 


136 

103 
100 

28 

22 

17 
2fi. 


Thai  is  to  say,  a  copper  wiie  of  lOQ  feet  in  kngtli  ofos  as 
great  a  resistance  to  an  electric  current,  as  equally  thick  wires 
of  silver,  zinc,  platinum,  iron,  which  are  respectively  136,  28, 
22,  or  17  feet  in  length. 

The  conducting  power  of  fluids  is  very  small  in  comparison  to 
that  of  metals :  thus,  ei.  gr.,  the  conducting  power  of  platinum 
is  2i  million  tiroes  as  great  as  that  of  a  solution  of  sulphate  of 
copper;  while  the  condoctmg  power  of  distilled  water  is  oahf 
0,0026  of  the  eondncting  power  of  a  solution  <ji  sdphate  ol 
copper. 
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MAGNETIC  ACTIONS  Of  THE  CUEEKNTS. 


PABT  IV. 


ILSCTBO- MAGNETISM. 


CHAPTER  L 


MAONinC  AGnONt  OF  THX  CUBSSNT. 

We  have  already  remarked  that  the  electric  current  is  capable 
of  making  the  magnetic  needle  deviate,  and  it  now  remains  for  na^ 
withoot  entering  liurtiher  into  these  magnetic  acticmay  topasato  the 
oonstderalion  of  the  applications  that  have  been  made  of  the  dem- 

tion  of  the  magnetic  needle,  to  ascertain  the  laws  of  the  force  of 
the  current.  The  following  chapter  is  devoted  to  the  further 
consideration  of  the  magnetic  actions  of  the  electric  current. 

Magnetization  by  the  galvanic  current, — ^The  electric  current  acta 
not  only  on  free  magnetism,  hut  is  likewise  ei^ble  of  aeparating 
the  atiU  combined  magnetic  flnida.  In  order  to  show  the  aetaon 
of  the  conent  on  soft  iron,  we  need  only  plunge  the  wire  into  iroa 
filings,  or  strew  them  over  it  during  the  passage  of  the  gahranie 
current.  The  iron  fihngs  remain  hanging  to  the  wire  until  the 
current  is  broken ;  small  steel  needles  may  be  converted  into 
permauent  magnets  by  means  of  the  galvanic  current ;  in  order, 
via»42S.  vMk4a4.  however,  to  render  the  current  very  active^  we 
J  most  make  it  pass  transversely  round  the  needier 
&  aa  is  the  caae  in  the  arrangement  we  are  shout  to 
^  describe.  A  copper  wire  is  woond  spiraDy  round 
^  a  glass  tube,  in  which  a  steel  needle  is  placed 
(see  Fig.  423).  If  now  we  let  a  current  pass 
through  the  convolutions  of  the  wire,  the  needle 
will  become  permanently  magnetic,  and  it  is  only 
necessary  that  the  cnrrent  should  pass  through  it 
for  the  space  of  a  minute  to  magnetise  the  needle 
-a  aa  perfectly  aa  posaible. 

We  distinguish  right-handed  helioea  as 
seen  in  Fig.  423,  from  left-handed  helices  as 
seen  iu  Fig.  424.    lu  the  former,  the  convolu- 
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It  mn  in  the  same  manner  as  in  •  eork-aereiri  ear  in  an  ovdinaiy 


right-handed  helices  the  north  pole,  (that  is  the  south 
),  18  at  that  end  of  the  needle  where  the  -f  current  enters  it^ 
le,  in  the  left-handed  helix,  the  north  pole  is  at  the  eitie- 
Y  from  whenee  the  eonrant  paaaea  out.  In  the  figures,  the 
th  pole  is  designated  as  b,  and  the  south  pole  as  a, 
Vc  may  make  magnets  of  soft  iron  by  means  of  the  galvanic 
"ent,  &r  surpassing  all  steel  magnets  in  force.  For  this 
poae  it  is  mily  neeessary  to  eneirele  a  atrong  hone-dme 
soft  iron  with  thidt  copper  wire,  in  the  way  repreaented 
Fig.  425.  The  copper  wire  must  be  covered  with  silk,  in 
:r  that  the  current  may  not  pass  laterally  from  one  vending 


mmm 


to  another^  (theae  windinga  l^fing  dose  toge- 
ther), or  be  tranafened  to  the  Iron,  but 

traverse  the  wire  in  its  whole  length.  The 
wire  is  twisted  round  the  curved  lines  of 
a  horse-shoe,  passing  sound  in  the  same 
direction,  but  aomevbat  indined  to  the 
right;  if,  therdbre,  Ae  +  current  enters 
at  a,  a  north  pole  will  be  formed  there,  and 
a  south  p(de  at  b.  By  means  of  a  holder 
may  suspend  we^la  to  a  magnet  of  this  kind*  Thus,  n 
;net  wboae  dianMter  ia  about  6  or  8  centimetres,  and  wboae 
3s  are  about  1  foot  or  1,5  feet  in  length,  may  sustain  a  weight 
from  800  to  lOOOlbs.,  provided  the  wire  be  thick,  and  the 
tent  passing  through  it  be  of  sufficient  strength.  As  electro* 
OTB  tor  theae  deetro-magneta,  simple  aiieoita  of  •  large  area  are 
1,  or  Grovel  or  Bmsent^  elements ;  Ibr  tUs  purpose,  however, 
the  zinc  cylinders  must  be  connected  together,  in  the  same 
mer  aa  all  the  carbon  cylinders  or  platinum  pktea.  The 
j^oetiam  vanidiea  aa  the  currant  eeaaes* . 
La  we  can  engender  a  temporarily  powerAil  magnetism  in  soft 
I  by  the  galvanic  current,  we  arc  also  able  to  produce  steel 
piets  of  great  force  by  the  same  means.  An  arrangement 
seially  q^ilieable  to  this  purpose  is  the  wire  coil  eonstnusted  by 
at,  and  represented  in  Kg.  4S6» 

L  copper  wire  about  25  feet  in  length,  and  Jth  of  an  inch  in 
Juiess,  must  be  properly  encircled  with  silk,  and  then  wound 
V  a  ooily  as  seen  in  the  figure.  The  height  of  the  wire  coil 
yoaoStM  to  about  1  inchi  and  the  diameter  of  the  inner  caiity  to 
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H  imslies.  The  two  eitienuties  of  tlie  wifes  aie  litoii|;hl  into 
oomieetkni  with  the  poles  of  a  pofpeiiiil  voltaie  demenl  iiliai 
we  WBBt  to  magnetise  a  steel  rod. 


no.  426. 


Whilst  a  strong  current  circulates  through  the  wire  coils, 
the  steel  staff  or  rod  must  be  inserted  into  the  coil  and  moved 
backward  and  forward^  and  when  the  middle  part  is  a  second  time 
in  the  eoil^  the  eireait  is  opened,  and  the  rod  ean  then  be  taken 
oat  peilbetly  magnetiBed. 

It  is  best  to  put  a  pieoe  of  soft  iron  above  and  below  the  sted 
rod^  and,  if  the  rod  to  be  magnetised  be  of  a  horse-shoe  shape;, 
it  should  be  provided  with  a  holder  during  the  operation. 

Application  of  the  galvanic  current  as  a  moving  force. — ^Thc 
powerful  magnetic  actions  which  the  electric  current  is  capable  of 
producing,  have  led  to  the  idea  of  applying  them  as  a  moving 
power.  Fig.  4^7  shows  an  appaiatns  which  is  well  adi^pted  to 
ediibit  the  msnner  in  which  a  oootiniioiis  motion  may  be  pro* 
dnoed  by  the  magnetising  action  of  the  galvanic  eorrent. 

^  B  is  a  piece  of  soft  iron  curved  into  the  form  of  a  horse-shoe, 
and  fixed  to  a  stand,  being  encircled  by  a  copper  wire  in  the 
manner  indicated  in  the  electro-magnet  in  Fig.  425.  The  one 
end  of  the  wire  goes  to  the  brass  column  o,  the  other  to  b,  the 
poles  of  a  powerful  galvanie  element  are  attadied  at  a  and 
b,  and  the  iron    B  is  thus  eonrated  into  a  magnet 

"Within  the  horse-shoe  AB,  %  similar  smaller  (me  C  Z>  is 
introduced,  which  rotates  about  a  vertical  axis.  This  iron  C  Z>  is 
likewise  encircled  by  a  copper  wire  in  the  manner  indicated,  the 
two  ends  of  the  wire  being  plunged  into  a  wooden  ring-shaped 
channel  filled  with  mercury.  This  channel  is  divided  into  two 
parts  by  means  of  a  wooden  or  ivory  partition,  the  one  part  beii^ 
in  commnnicstion  by  means  of  a  copper  wire  with  the  hnm 
«edlunm     and  the  other  with  the  brass  oolonm  d.    (Ilie  two 
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Dies  of  a  simple  circuit  are  attached  at  c  and  d).  The  two 
irtitioQs  must  now  be  filled  with  mercury  to  such  a  height  that 
le  level  may  project  beyond  the  partition  walls,  although  not  so 

riG.  427. 


to  pass  from  one  space  to  the  other^  which  may  easily  happen, 
ring  to  the  mercury  forming  a  convex  drop,  as  it  were,  in  each 
/ision.  The  two  ends  of  the  electro-magnet  C  D  penetrate 
fficiently  far  into  the  vessel  so  as  to  dip  into  the  mercury 

cither  side  of  the  partition  wall,  but  in  such  a  manner  as 
admit  of  their  passing  freely  over  it  during  the  rotation  of  the 
ictro-magnet  C  D.  In  the  position  of  the  electro-magnet 
Z>  represented  in  Fig.  427,  supposing  the  -f  pole  of  a 
werful  galvanic  element  to  be  connected  at  c,  and  its  — 
le  at  J,  the  +  current  will  pass  from  c  to  the  left  division 
the  channel,  from  whence  it  wiW  go  through  the  copper  wire 
ind  the  moving  horse-shoe  from  D  to  C,  then  from  C  into  the 
bt  division  of  the  channel,  and  from  thence  to  d.  In  this 
sitiou  the  pole  C  will  be  attracted  by  A,  and  D  by  B,  by  which 
otatory  motion  of  the  electro-magnet  C  D  will  be  induced.  But 
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now  when  C  reaches  and  D  reaches  By  the  two  ends  of  the  wire 
of  the  inner  electro-magnet  will  pass  over  the  partition  wall ;  the 
cmmit  that  makes  CD  magnetic  will  be  interrupted  for  a  moment; 
as  soon,  however,  as  the  ends  of  the  wires  have  passed  from  one 
division  into  the  other,  the  current  will  go  in  an  qpposite  direction 
thfongh  the  copper  wire  encircling  C  D,  the  pole  C  will  then  be 
repelled  by  A,  and  D  by  B,  whilst  C.  and  B  and  D  and  A  will 
attract  each  other,  thus  the  rotation  of  the  inner  electro- magnet 
will  be  continued  until  C  comes  to  B,  and  D  to  A,  and  by  another 
inversion  of  the  poles  of  the  inner  electro-magnet,  the  rotation 
of  the  latter  will  be  continued  in  an  opposite  direction. 

A  notched  wheel  is  secured  to  the  rotatory  aads  of  the  inner 
electro-magnet,  and  connected  with  a  second  whed  of  larger 
diameter.  Around  the  axis  of  the  latter  a  string  is  wound,  which 
passes  over  a  pulley,  and  supports  a  hanging  weight  that  is  lifted 
by  the  rotation  of  the  inner  electro-magnet. 

This  apparatus  is  merely  an  improvement  upon  Riichie^s 
rotation  apparatus,  in  which  a  steel  magnet  supplies  the  place 
of  the  external  electro-magnet,  whilst  the  rotating  iron  has  the 
form  of  a  strai§^t  rod  surrounded  by  a  wire,  the  extremities  of 
which  are  immersed  in  a  channel  fiDed  witb  mercury,  as  in  our 
apparatus,  the  rotation  being  maintained  by  the  inversion  of  the 
poles  succeeding  every  semi-revolution. 

The  attempts  made  by  Jacohi  in  Petersburg,  and  Wagner  in 
Frankfort,  to  apply  the  galvanic  current  practically  as  a  moving 
power,  have  not  hitherto  afforded  the  desired  results. 

Another  practical  application  of  the  magnetization  of  soft  iron 
by  galvanic  currents  has  been  made  use  of  in  the  Bledrie  Tek^ 
graph,  the  arrangement  of  which  is  essentially  as  follows.  If  the 
two  extremities  a  wire  encircling  a  U-shaped  piece  of  sofl  iron 
be  made  so  long  as  to  pass  many  miles  to  some  distant  place, 
at  which  there  is  a  galvanic  circuit,  we  may,  by  alternately  closing 
and  opening  this  circuit  with  the  wire  ends,  communicate  magnetism 
to,  or  remove  it  from  the  distant  iron ;  and  thus  we  may,  oonse*- 
quently,  cause  the  electro-magnet  alternately  to  attract^  and  again  to 
repel  an  armature,  the  motion  of  which  is  by  means  of  a  tooth  of 
the  wheel  conveyed  to  the  hand  of  a  disc^  round  the  margin  of  wbidi 
the  letters  of  the  alphabet  are  marked.  If  the  hand  be  properly 
placed,  it  will  move  to  A  on  the  first  closing  of  the  circuit,  to  B 
on  the  succeeding  opening,  and  to  C  on  a  second  closing,  and  so 
forth.   We  may  thus  bring  the  hand  to  any  number  of  letters 


Digitized  by  Google 


IHTLVINCB  Of  TSftMSTBIAL  UABVWnMU*  419 

sr  tlie  eomsponding  namber  of  openingB  and  ekMnDgi  of  the 
mi^  and,  eonseiiaeiitlyy  demgngte  words  and  aeitteneeai  no  kaa 

a  single  letters.    It  would  carry  us  beyond  onr  limits  to  enter 
re  fully  into  the  arrangement  of  this  apparatus. 
Direetum  1/  emraUs  by  the  influence  of  terreiirial  magnetitm^ 
ice  the  emfent  fnaffriaee  an  infliwneB  on  magiifto,  we  cannot 
dit  that  s  like  action  is  eonfmdy  tnuMfaned  by  magnets  to 
current,  and  that  they  are  able  to  direct  it  in  different  ways. 
lODgst  all  these  converse  phenomena,  the  moat  interesting  is 
t  eurcised  by  tenestrial  magnetism  on  conentSi  and  attenipts 
I  freqoenfly  been  made  to  establish  numng  correntsy  whidi^ 
left  to  themselves,  might  exhibit  all  the  phenomena  of 
needle  i  these  experiments,  howevGTj  all  failed,  owing  to 
necessary  mobility  not  being  gi?en  to  the  corrents.  At 
g;th  all  these  difficnUics  wore  overcome  by  an  ingeniona 
trivanoe  of  Amph-e,  which  admits  of  being  applied  to  all 
rents. 

fig.  428  represents  two  vertical  brass  columns  secured  to  a 
m.  4SS.  wooden  standi  and  having  at 

Maiifc— the  top  two  horisontal  arms, 

*  H  I  terminating    in    the  mercui*y 

1  1  cnps  X  and  y,  of  which  the 

1 11         one  central  point  is  placed 
I  I         vertically    below   the  other. 
*|jr         Where    the   horizontal  arms 
I  J  appear  to  be  in  contact,  they 

 '        1  [I  .       are  separated  hy  insulating  sub- 

4^^^  stances;  whenjiherefofe^  the  feet 
Mnim:irr;.].;n;u;'r,uiii;arrtnT{TiMiMMri  of  the  columns  are  brought  in 
nection  with  both  poles  of  the  circuit,  one  of  the  electric 
Is  will  reach  the  cup  and  the  other  the  cup  y.  One 
tbese  caps  may  be  named  the  poiUioe,  and  the  other  the 

L  copper  wire,  curved  in  the  manner  shown  in  Figs.  429  and 
is  suspended  to  the  cups  x  and  y»  The  wire  ends  are  sepa^ 
d  by  an  insolated  sabstance  where  th^  isppemt  to  be  in 
tsict;  th^  are  carved  at  the  top,  and  provided  with  steel 
its  which  are  plunged  into  the  cups  x  and  y  (Fig.  428).  The 
point  penetrates  to  the  bottom  of  the  cup,  and  rests  upon 
Dall  glass  i^atety  while  the  other  point  is  only  jnst  immersftrl 
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in  the  mercury.  By  this  snspeiision  the  wire  becomes  very 
mofveable. 

On  soffisrmg  a  current  to  pMB,  the  wire,  after  making  Bevera) 

oscillations,  will  place  itself  in  a  definite  position^  to  whidi  it  will 
invariably  return  if  removed  from  it. 

l£  we  turn  the  current,  bringing  the  column  which  was  pre- 
viously in  connection  with  the  -f  pole  of  the  circuit  into  contact 
with  the  —  pole,  and  tfice  versd,  the  wire  will  describe  half  a 
revolution  xoond  ita  vertical  azia  of  rotation  before  it  will  recover  ita 
eqnilibrhim.  In  both  pontiona  of  eqnilibrinm,  the  cbde  atanda 
in  aneh  a  manner  that  its  plane  makes  a  right  angle  with  that 
of  the  magnetic  meridian.  Stable  equilibrium  will  be  established 
when  the  positive  current  passes  from  east  to  west  in  the  lower  half 
of  the  circle. 

Very  weak  currents  are  even  directed  by  terrestrial  magnetism^ 
and  on  this  principle  reata  the  conatmction  of  the  apparatua  in 
Fig.  481.  In  a  piece  of  cork,  swimq  dng  in  addolated 
water^  we  secure  a  piece  of  ainc  and  a  piece  of  copper, 
which  reach  into  the  fluid,  and  are  conneeted  at  the 
top  by  a  circular  copper  wire.  WTien  placed  upon  the 
water,  a  current  will  be  found  which  passes  from  the 
xinc  in  the  water  to  the  copper,  and  then  through  the 
wire  following  the  direction  indicated  by  the  arrowa. 
Una  florrent  is  aofficimtly  strong  to  be  directed  by  terrestrial 
magnetiam^  and  will  therefore  so  mnch  ^e  more  be  directed, 
attracted  and  repelled  by  a  magnet. 

Ae  a  cloBcd  circular  current,  revolving  round  a  vertical  axis, 
places  itself  at  right  angles  with  the  magnetic  meridian,  it  follows 
that  a  combination  of  parallel  circles  which  arc  traversed  in  the 
aame  direction,  must  range  themselves  in  the  like  manner.  Thus 
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the  wire  helix  seen  in  Fig.  432,  when  suspended  by  Amphe's  stand, 
no.  432.  and  when  traversed  by  a  current,  must 

^  place  itself  in  such  a  manner  that  its 

fj  axis  shall  be  in  the  line  ol  the  direetian 

I  <tf  the  needle  of  declination. 

I  It  not  only  iMlows  from  this^  that  the 

.J.__  needle  of  dedination  may  betiraa  imi- 

tated  by  a  wire  helix,  but  also  that  the 


south  pole,  that  is,  the  one  directed  to  the  north,  is  the  one  on  the 
right  side  of  which  lies  the  ascending  current,  if  we  look  at  it  from 
its  present  side.  If  we  look  at  the  wire  from  a,  we  have  the  ascend- 
ing ennent  to  the  right,  and  the  descending  one  to  the  left ;  but 
if  we  oonaidflr  the  wire  helix  in  the  direction  of  b,  we  shall  have 
the  aaeending  ennent  to  our  left;  a  eonseqnently  ia  the  south 
pole,  and  mnst  tnm  to  the  north.  In  like  manner,  we  may  say 
that  if  a  needle  of  declination  be  placed  in  a  position  of  equili- 
brium, the  lower  current  will  go  from  east  to  west. 

The  board,  to  which  the  different  windings  of  the  wire  helix 
(Fig.  432)  are  secured,  is  made  of  a  non-conducting  substance. 

If  we  bring  a  magnetic  bar  to  the  helices  we  have  been 
considering,  we  may  observe  phenomena  perfectly  aimilar  to  those 
exhibited  on  bringing  a  magnetic  bar  near  a  needle  of  declination. 
In  fact  an  the  apparatus  hitherto  described  will^  as  we  may 
conjecture,  be  affected  by  magnetic  bars. 

Reciprocal  action  of  galvanic  currents  on  each  other. — Two 
parallel  currents  always  exercise  an  action  on  each  other,  which  is 
more  or  less  energetic  according  to  their  distance,  intensity  and 
length.  If  we  consider  the  direction  oi  the  motion  produced,  we 
ahall  find  it  to  be  subjected  to  the  following  simple  law;  two 
paraUd  emreaU  attraet  each  other  if  they  move  mtheiome  OreMm, 
but  repel  each  other  if  their  directions  be  opposite. 

The  above  statement  may  be  proved  by  the  following  apparatus : 
a  b  c  d  ef  is  a  rectangular  figure  formed  of  copper  wire,  and 
suspended  in  the  mercury  cups  a  and  y.  The  current  ascends 
through  the  column  t,  traverses  the  wire  figure  in  the  direction  of 
the  arrows,  and  descends  into  the  column  v.  The  current  in  the 
eolnmn  t,  fixDowa  the  same  direction  aa  that  in  the  piece  of  wire 
d  e;  the  same  is  the  case  with  respect  to  the  current  in  6  e  and  «. 
If  we  remove  the  rectangidar  figure  from  the  position  represented 
in  Pig.  433,  it  will  always  return  to  the  same,  owing  io  de  being 
attracted  by    and  6  c  by  v. 
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If  we  put  the  wife  figure  in  Fig.  488  in  the  place  of  Uiat 


FIG.  133.  Fio.  434. 


suspended  in  Fig.  481,  the  euxrent  in  the  wire  will  have  an  oppo- 
site direction  from  that  'in  the  sneeeeding  column,  and  we  shall 

observe  a  repulsion ;  parallel  opposite  curreiUs,  therefore,  repel  each 
other. 

We  call  such  currents  as  are  not  parallel,  cross  currents,  whether 
they  lie  in  the  same  plane,  and  their  directions  intersect  each  other, 
or  whether  they  aie  in  different  planes,  and  do  not  intersect  eadi 
other.  In  thefizstcaae,  the eroism^ point  is  the  point  in  which  they 
intersect  each  other;  in  the  second,  it  is  a  point  of  the  shortest 
distance  of  both  currents.  T\oo  cross  currents  always  strive  to 
range  themselves  parallel  to  each  other,  in  order  to  move  in  the  same 
direction ;  or  in  other  words :  attraction  takes  place  between  tlie 
parts  of  a  current  and  those  which  approach  the  crossing  point,  and 
then  agam^  betweem  tkoie  gokig  from  the  crossing  point,  RqmUiom 
oeeun  between  «  ewrreiU  mmmg  towarde  the  eroeekig  pomt,  md 
miotker  movmg  away  from  the  eame  pomi. 

K,  for  instance,  a  b  and  c  d  (Fig.  435)  are  two  cunenta,  whoee 


FIO.  435.  Pio.  437. 


crossing  point  is  r,  attracticm  will  take  place  hetween  the  parts 
a  r  and  e  r,  in  whidi  the  current  that  passes  towards  the  crossing 
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point,  and  between  the  parts  r  b  and  rd^ia  wliich  it  goes  from  tlie 
erosnng  point.   Beptikioii  takes  place  between  a  r  and  r  d,  and 

further  between  c  r  and  r  A. 

The  apparatus  of  which  a  diagonal  section  is  represented  in 
Fig.  436,  and  an  outline  in  fig.  427,  serve  to  prove  this  proposi- 
tion. Two  semi-circular  channels,  divided  by  insulated  partition 
waUa  a  and  b,  are  inserted  in  a  plate  of  wood.  In  the  middle 
point  rises  a  spikej  to  which  is  attached  an  easily  moving  copper 
needle  c  d,  the  extremities  of  which  are  of  iron  and  dip  into 
the  mercury  of  the  channel.  Somewhat  below  this  needle  there 
is  another,  ef,  the  extremities  of  which  are  likewise  dipped  into  the 
mercury,  and  may  be  moved  by  the  hand.  The  current  which 
enters  at  x  passes  into  the  one  channel^  and  then  through  the  two 
needka  into  the  other,  and  passes  out  at  |f. 

The  repulsion  is  eadiibited  on  plaeing  the  needles  in  the  position 
indicated  by  Fig.  437,  and  the  attraction  on  bringing  them  into 
such  a  position,  that  the  anp;le  e  r  d  may  be  less  than  a  right  angle. 

AmpMs  Theory  of  Magnetism. — The  principle  of  this  theory 
consists  in  considering  each  molecule  of  a  magnet  surroimded  as  it 
were  by  a  current,  always  circulating  about  it  and  returning  upon  its 
own  oomrse;,  which  may  for  the  sake  of  simplicity  be  regarded  as 
ebreokr.  We  must,  therefore,  according  to  this  theory^  regard 
every  section  at  right  angles  to  the  axis  of  the  magnet  to  be  some- 
what similar  to  what  we  have  attempted  to  delineate  in  Fig.  438. 
Instead  of  taking  into  account  all  the  elementary  currents  of  each 
diagonal  section,  we  may  suppose  the  latter  to  be  encircled  by  one 
single  current,  which  is  as  it  were  the  resultant  of  all  the 
dementary  currents  of  the  diagonal  section,  and  consequently 

Fio.  48S.  no.  489. 


we  may  regard  a  magnetic  bar  aa  a  system  of  parallelly  closed 
currents,  somewhat  in  the  manner  shown  in  Fig.  489. 

What  we  have  said  here  of  a  magnetic  rod  applies  equally  to  a 
magnetic  needle,  and,  in  short,  to  every  magnet,  let  its  form  be 
what  it  may. 

Let  us  suppose  a  wire  helix  extending  from  m,  Fig.  440,  to 
either  side,  and  traversed  by  the  current  in  the  direction  of  the 

V  s 
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Fio.  440. 


arrows ;  if  further  we  assume  this  to  be  cut 
through  at  m,  and  the  two  parts  separated, 
it  follows  fire 


im  Oior  definituni  that  thm  will  be 
a  south  pole  at  a  and  a  nordi  pole  at  6,  on 
turning  to  the  pole  at  a,  we  shall  have  the 

ascending  current  to  our  rip:ht,  while  on  turn- 
ing to  the  pole  at  b,  we  here  have  it  to  our  left. 

If  we  cut  a  wire  helix  at  right  angles  to  its 
axis,  two  contraiy  poles  will  be  Ibnned^  eMMfdOj 
as  on  breaking  a  magnet. 

Further  it  is  dear,  that  the  oontrary  poles 
a  and  b  attract  each  other,  for  on  looking  only 
at  the  end  circle,  we  see  that  the  currents  are 
directed  parallelly  and  similarly,  and  the  same 
is  the  case  with  respect  to  all  the  other  circles. 
The  best  way  to  give  an  illnstration  of  the  attcacdon  and 
repnlsbn  of  the  poles  in  differeirt  positions  ol  the  magnets  wxA 
respect  to  eaeh  other,  is  by  drawing  arrows  npon  wooden  or 
pastebord  cylinders  from  1  to  1,5  foot  in  length,  and  from 
2  to  3  inches  in  diameter,  as  seen  in  Fig.  439,  which  represents 
the  direction  of  the  currents;  further  we  may,  in  like  manner, 
mark  on  both  cylinders  the  similar  poles,  designating  the  north 
pole  as  +f  f<»r  instance,  and  the  south  pole  as  — .  By  the  help 
of  two  sadi  models  we  may  easily  show  how  similar  pedes  always 
repd,  and  oontrary  poles  attract  eadi  other,  and  in  whatever 
manner  we  bring  them  near  one  another. 

According  to  this  hypothesis,  the  magnetism  of  the  earth  also 
depends  upon  such  currents,  moving  in  the  crust  of  the  earth 
parallel  mih  the  magnetic  equator. 

Rotation  of  moveable  currents  and  magnets, — ^Let  abed. 
Fig.  441,  be  the  horisontal  section  of  a  magnet  standing  in  a 
vertical  position,  and  a  vertical  corrent  appearing  fimahortened 
at  the  pmnt  s,  and  whic3i  we  will  assome  to  be  ascending,  and 
no.  441.  *  which  is  capable  of  rotating  round  the  vertical  axis  of 
the  magnet ;  it  will  then  be  evident  from  the  above 
developed  principles,  that  the  portion  a  b  of  the 
magnetic  current  will  repel  the  current  t,  while 
€  it  will  be  attracted  by  b  c,  the  corrent  t  mnst  oooae- 
quently  rotate  in  the  direction  of  the  current  in  the  wi«g*^ft. 
If  the  current  s  were  descending,  the  rotatory  direction  would 
be  reversed;  in  like  manner,  of  course  the  inversion  of  the 
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■guetae  poki  wOl  occaakm  the  rotatimi  to  aMmne  an  invene 
feetkm. 

A  rotation  of  this  kind  may  be  effected  by  means  of  the 
'paratus  seen  in  44ki,    To  a  vertical  staff  /  is  attached  a  move- 
wn»  442.  horiiontal  ataff  a,  in  aocfa  a 

mmier  ikat  it  may  be  moved  to 
any  height  we  please^  by  means  of 
a  screw.  This  horizontal  staff  is 
provided  with  a  braaa  ring,  to  whidi 
ia  attached  m  ciicalar  wooden  diamiel 
fat  holding  raerenry.  In  the  braaa 
ring  there  is  a  cork  disc,  through 
the  middle  of  which  passes  a  vertical 
magnetie.  bar,  hsving  at  the  top  s 
joint  wiA  a  ated  cop  aerewed  on  it. 
This  cup  has  a  fine  point  in  its 
centre^  supporting  a  copper  band  b, 
which  ia  cnrved  at  either  aid^  in 
aneh  a  manner  that  its  lower  coda, 
with  their  platinum  points^  dip 
into  the  mercury.  In  the  middle 
of  the  copper  band  ia  •  menmrj 
cup  p.   On  the  one  polar  wire  of  the 

chain  being  immersed  in  the  cup  p, 
and  the  other  in  the  channel,  the 
xfcnt  paaaea  throa|^  the  two  arms  of  the.  coiqper  band|  which 
en  begina  to  rotate.  The  action  of  the  magnet  on  the  cnmnt 
the  one  arm  of  the  band  is  sustained  by  the  action  which  the 
ignet  prodncea  on  the  current  in  the  other  arm. 
We  may  aimiharty  pK>duce  the  rotation  of  a  moveable  magnet 
and  m  find  cancBl^  and  the  rotation  of  a  moving  cnrrent  ronnd 
fixed  magnet ;  and  the  apparatus  serving  for  this  purpose 
.T€  been  c<mstructed  in  a  variety  of  ways. 
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CHAPTER  II. 

PUNOMBNA  OF  INDVGTION. 

An  dedric  cnrrait  is  able  to  engender  like  eleetrie  eomnts  in 
another  oontignoiis  conductor  at  tlie  moment  of  ita  ongm  or  ita 

cessation,  and  also  by  mere  approximation  or  distance. 

These  phenomena  were  discovered  by  Faraday  in  the  year 
1838,  and  deserve  the  greatest  attention,  both  o>ving  to  their 
theoretical  importance,  and  to  the  muneKOna  £Msta  that  can  be 
derived  from  this  prineq^  These  new  eonenta  prodnced  in 
eondnctoTB  by  the  disteibnting  aetion  of  other  eoifentty  are 
termed  /fubelMMi  tmreniM.  They  might  aim  be  eaUeA  temporary 
currents y  as  they  last  but  a  moment.  If  we  were  to  name  them 
according  to  their  origin,  as  has  been  done  in  the  case  of  the 
thermo-electric  and  the  hydro-electric  currents  we  might  give  them 
the  appeUation  of  magnetihtkctrie,  or  eleciro-electric,  since  they 
are  eiUier  engendered  by  magnetinn  or  dectricity.  We  will, 
however,  once  fw  aU,  abide  by  the  term  Indiieiifm  cunenii,  wbidi 
has  also  been  adopted  by  the  majority  of  natural  philosophera. 

Action  of  an  electric  current  on  a  conducting  circuit  within 
itself, — Two  copper  wires  covered  with  silk  thread  are  wound 
upon   a   reel  of  wood  or  metal  in  the   way  exhibited  in 
Fig.  443.   The  one  wire  rons  beside  the  other  without  there 
Fia.  44a.  being  any  communication  between 

fhem;  it,  therefovey  we  doae  s 
galvanie  cireoit  witii  one  wire, 
while  we  place  its  two  ends  a 
and  b  in  connection  with  its  poles, 
the  current  will  circulate  through 
that  wire  without  passing  into  the 
other.  In  thia  other  wire,  however,  a  cuivent  in  an  t^ponte 
dkeetim  ia  produeed  by  the  uidoctiTe  action  of  thia  enmoty 
provided  the  ends  e  and  d  of  thia  second  wire  are  in  connection ; 
which  may  be  effected  by  means  of  a  multiplicator,  on  bringing  c 
into  communication  with  the  end  of  one  of  the  wires  of  the  latter, 
and  d  with  the  end  of  the  other  wire.  At  the  moment  in  which 
we  close  the  galvanic  circuit  with  the  hrst  wire,  the  deviation  of 
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m  needle  of  tlie  mnllqilkalor  indicalee  a  enirait  in  tbe  adjoinmg 
ve;  snppoemg  the  poeitiye  currait  to  pm  in  the  main  wire 

tmi  a  to  b,  the  multiplicator  manifests  that  there  is  a  current  in 
le  contiguous  wire  traversing  it  in  a  direction  from  d  to  c. 

This  cimBt  in  the  adjoining  wire  is  not,  however^  lasting^  for 
le  needle  of  the  nniltiplieator  letorns  inimediatdy  to  lero  on 
le  graduated  Knc;  as  soon  as  the  principal  current  is  inter- 
iptedj  the  needle  of  the  galvanometer  turns  in  the  opposite  * 
iieetioiij  it,  therefore^  indicates  a  ennent  passing  throngih  the 
^ighbooring  wise  in  the  direetion  firom  e  to  i,  oonseqaently,  in 
le  same  direction  in  which  the  interrupted  current  had  moved. 

An  electric  current  may  therefore  induce  currents  in  a  con- 
^^uoiia  wire  both  at  the  moment  of  its  origin  and  of  its  cessation, 
he  enmoDi  indooed  by  the  closing  of  the  dieait  has  the  opposite 
rection  to  the  one  induced  by  the  interruption  of  the  circuit, 
id  is  in  the  same  direction  as  the  principal  current. 

In  the  above  adduced  experiments,  the  current  in  the  principal 
ire  indoeed  a  eonent  in  die  other  wire  both  at  the  moment  ct  iti 
igin  and  of  its  cessation ;  we  might,  therefore,  conjecture  that 
ese  actions  were  produced  by  some  modifications  acconii);uiying 
e  beginning  and  ending  of  the  current.  To  remove  all 
Nibt  on  the  subject,  Faraiaiy  has  proved  by  experiment,  that 
actly  the  same  results  are  obtained  on  bringing  a  conducting 
fe  that  is  traversed  by  a  current,  consequently,  the  wire  from 
lieh  the  inducing  action  proceeds  nearer  to,  or  further  ixom 
e  whpe  in  iriuch  we  wish  to  indnce  a  corrent* 
If  tliereAire  we  say^  that  the  action  of  a  current  on  a  dosed 
nductor  begins,  we  either  understand  thereby  that  the  inducing 
rrent  itself  begins,  or  that  it  is  already  on  its  course,  and 
oag^t  near  to  the  dosed  oondnetor.  In  these  two  eases  the 
tiona  are  precisely  similar.  If  we  say  that  the  action  of  a 
rrent  on  a  closed  conductor  stops,  it  means,  that  the  inducing 
rrent  itself  either  ceases,  or  is  removed  from  the  closed  con- 
lelor. 

Ciments  of  indnedon  produce  all  the  actions  of  ordinary 

rrents,  as,  for  instance,  shocks  and  sparks.  On  bringing  the 
ds  of  the  \^ire8  c  d  close  together,  we  see  a  spark  pass  over, 
the  circuit  be  closed  by  the  ends  a  and  b  of  the  inducing  wire, 
we  seiie  the  wire  end  e  in  one  hand,  and  i  in  the  other,  (the 
lids  must  be  somewhat  moistened  for  making  the  experiment), 
\  shall  feel,  on  the  opening  and  closing  of  the  principal  current  a 
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•hoek/die  violenoe  of  which  will  depend  upon  the  length  of  tfie 

coiled  wire. 

Very  violent  actions  may  be  produced  on  the  nerves  by  the 
above  described  double  spiral  apparatus,  for  if  the  encircling  wire 
be  of  considerable  length,  the  intensity  of  the  inductive  currents 
will  be  incomparably  stronger  than  those  of  the  current  yielded  by 
the  galvanic  dieuit  conimonly  used.  A  siinple  gahrsmc  ciioiuty  or 
even  a  battery  of  4,  6,  or  even  12  pairs  gives  no  shocks  hy  itself 
but  if  we  close  a  circuit  of  a  few  or  only  one  pair,  with  the  ends 
of  the  inducing  wire  we  shall  obtain  a  powerful  shock  at  this 
wire. 

An  induction  spiral  changes,  therefore,  in  some  degree  the 
electric  quantity  o[  a  carrent  yielded  by  one  or  move  pairs  of 
large  superficies  into  a  current  great  intensity;  an  apparatus  of 
this  kind  affiirds,  therefore,  an  exodlent  means  €i  prodncing 

physiological  effects,  if  csire  be  taken  alternately  to  close  and  open 
the  circuit  in  rapid  succession.  Many  very  ingenious  contrivances 
have  been  pro]M)8ed  for  effecting  this  purpose. 

Action  of  the  ivindiags  on  each  other. — If  we  close  a  simple 
circuit  by  a  short  wire,  w(;  shall  obtain  only  a  faint  spark  on  again 
opening  it,  and  no  shock ;  but  if  we  use  a  very  long  wire  instead 
of  the  short  one,  we  shall  see  a  much  stronger  wpuk  on  opening 
the  circnit,  and  if  we  hold  one  end  of  the  wire  in  one  band,  and 
the  other  in  the  op|>ositc  hand,  we  shall  perceive  a  shock  at  the 
moment  of  ()])eiiing  the  circuit.  These  actions  are  very  much 
strengthened  by  winding  the  wire  as  closely  as  possible,  and  here 
it  is  of  course  necessary  to  cover  the  wire  with  silk,  in  order  to 
prevent  the  current  passing  laterally  from  one  winding  to 
another. 

This  action  of  long  spiral  wires  may  be  well  shown  by  means 

of  a  simple  spiral.  Fig.  444,  it  being  only  necessary  to  plunge  the 

wire  ends  m  and  n  into  the  mercury  cups 
forming  the  poles  of  a  galvanic  circuit,  and  on 
withdrawing  the  ends  of  the  wires  we  shall  see 
a  brighter  spark  and  feel  the  shock.  On 
suffering  these  shocks  to  pass  in  rapid  succes- 
sion through  the  body,  violent  actions  on  the 
nerves  may  be  induct. 
As  to  what  relates  to  the  explanation  of  these  phenomena,  we 
shall  easily  comprehend  that  they  must  stand  in  a  very  close 
relation  to  the  induction  phenomena  before  described.  FarutUty 
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leribw  ihese  cftcto  to  m  iaduodve  ■etum  leeqorocalfy  easreised 
s  eaeh  oilier  by  the  ooD?ohitioiiB  of  one  and  the  tame  tpiral,  and 

ills  this  current  of  induction  an  extra-current.    It  arises  at  the 
oineut  of  the  opening  aud  dosing  of  the  circuit. 
Jiuktctim  ijf  ekdrk  emrmitM  bf  wu^ndi.'^A  metal  wiie 
irireled  with  nik  nraat  be  wound  over  a  wooden  or  metal  rod, 

ic  inner  opening  of  which  is  sufficiently  large  to  admit  of  the 
isertiou  of  a  magnet*  The  two  ends  m  and  n  of  the  wire  must  be 
at  into  eofMonmeation  with  the  two  ends  of  the  mnltiplicator  wire 
Fa  gahanometor,  aofHiawitly  hat  removed  to  prevent  the  magnet 

oin  causing  the  needle  of  the  instrument  to  deviate.  At  the  moment 
I  which  the  magnet  is  inserted  into  the  helix^  we  shall  observe 
deviation  of  the  galvaniMneter  needle^  which^  however^  will  soon 

retnni  to  the  point  0  of  the  gradnated  divi- 
sion, moving  away  again  in  an  opposite 
direction  on  withdrawing  the  magnet  from 
the  hehx.  The  direction  of  the  current  indi* 
eated  by  the  galvanometer  on  the  approiim»* 
tk>n  of  the  magnet  ia  opposite  to  that  of  die 
currents,  which,  according  to  Ampere's  theory 
circulate  about  the  magnet;  the  current 
indoeed  in  the  wire  on  the  removal  of  the 
magnet  has  the  same  direction  as  theae 
currents. 

By  this  experiment  an  action  is  produced  on  the  closed  wire 
jftla  on  the  appfonmation  or  removal  of  the  magnet;  but  thia 
lagnctie  aetion  may  begin  and  eeaae  in  a  different  manner; 

may,  for  instance,  begin  at  the  moment  in  which  the  magnetic 
liida  in  the  iron  are  decomposed^  and  cease  when  it  returns  to 

pdition.  Thia  may  be  ahown  in  the  following 


446  a  6  is  a  atrong  horse-shoe  magnet,  m  c  n  a  piece  of 
soft  iron,  likewise  bent  in  the  form  of  a 
hone-thoey  and  having  its  limbs  enclosed 
by  the  ecda  of  one  long  whie  covered 
with  silk.  The  direetion  of  die  eoils  on 
both  limbs  nmst  be  such,  that  on  the 
current  passing  through  the  wire,  the  two 
limbs  may  form  opposite  poles*  The  two 
ends  of  the  wire  are  connected  together  at 

a  sufficient  distance  from  the  iron  and  the 
magiet,  and  a  simple  magnetic  needle,  above 
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or  below  which  the  wire  is  conducted^  is  at  once  made  to  defiate  by 
the  induced  current.  If  we  rapidly  bring  the  magnet  a  b  to  the 
limbs  m  n,  the  needle  will  indicate  the  presence  of  a  current,  having 
an  opposite  direction  to  that  which,  according  to  Ampere's  theor) % 
eiieidates  round  the  iron  that  has  now  been  converted  into  a 
magnet.  On  the  ttmmX  of  the  magnet  a  b,  the  indoeed  eoncnt 
takes  the  same  direction  as  the  one  no«r  ceasing  in  the  soft 
iron. 

We  may  easily  show  that  this  current  induced  in  the  wire  is  not 
the  direct  action  of  the  magnetic  poles  of  the  approximated  magnet; 
for  this  current  attains  such  intensity^  that  if  even  the  two  ends  of 
the  wire  are  not  in  perfect  contact,  but  at  some  little  distance  from 
each  other,  a  vivid  spark  ynil  paaa  over,  aa  well  when  the  magnet 
is  rapidly  approximated,  as  when  it  »  removed.  This  electric 
spark  is  evidently  produced  by  magnetic  actions.  On  taking  one 
end  of  the  wire  iu  each  hand,  we  experience  on  the  approximation 
and  removal  of  the  magnet  a  shock,  which,  provided  the  magnet 
be  sufficiently  powerful,  will  be  like  the  shock  of  a  small  Leyden 
jar. 

Cnrrents  may  even  he  indnoed  by  terreatiial  magnetism.  If  we 
hold  a  rod  of  aoft  iron,  encircled  by  a  wire  hdis,  in  the  direction 
of  the  needle  of  inclination^  and  then  suddenly  invert  it,  so  that 

its  upper  part  shall  incline  downward^  and  vice  versd,  a  cunrent  will 
be  induced  in  the  wire  helix. 

If  the  inner  horse-shoe  of  the  apparatus,  seen  in  Fig.  427, 
rotate  under  the  circumstances  indicated  in  the  experiment  adduced, 
comnts  mnat  be  induced  in  the  windings  of  the  wire  on  the 
approximatioii  of  the  limbs  of  the  inner  horae-ehoe  towards  thoae 
of  the  external  iron,  these  cnrrents  wiU  be,  accordmg  to  the  above 
developed  principles,  opposite  to  those  occasioned  by  the  rotation ; 
the  currents,  induced  by  rotation,  must  necessarily  weaken  the  force 
with  which  the  limbs  of  the  two  horse-shoes  attract  and  repel  each 
other;  and  thus  these  currents  of  induction  cause  the  mechanical 
effect  produced  by  such  apparatus  of  rotation  to  be  much  less  conside- 
laUe  than  one  might  be  led  to  expect,  judging  from  the  force  of 
magnetiam  that  may  be  imparted  to  a  piece  of  soft  iron,  by  a 
galvanic  cmnent. 

Magneto-electric  machines  of  rotation. — If  we  suppose  the  ends  of 
the  inductive-spirals,  which  are  at  the  poles  of  the  core  of  a  horse- 
shoe formed  of  a  piece  of  soft  iron,  (as  have  been  considered  at  page 
423)  to  be  in  connection  with  each  other,  and  then  that  Uiia  soft 
'ron  revolves  rapidly  about  a  vertical  axis|,  so  that  the  pole  ai. 
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which  is  immediately  above  a,  after  half  a  revolution^  stands 
above  b,  there  will  then  be  a  current  induced  in  the  convolutions 
of  the  wire,  m  recedes  from  a,  and  n  from  b ;  this  current 
will  now  continue  with  varying  strength,  but  with  unvarying 
direction  during  half  a  revolution,  that  is,  while  m  turns  from 
a  to  b,  and  n  from  b  to  a;  as  soon,  however,  as  the  second 
rotation  begins,  the  direction  of  the  current  will  change,  and 
win  again  change  after  the  completion  of  a  whole  rotation; 
if,  therefore,  the  soft  iron  rotate  rapidly  with  its  wire  convolu- 
tions, the  latter  will  be  constantly  traversed  by  alternating 
currents,  passing  into  each  other  every  time  the  poles  of  the  soft 
iron  stand  over  the  poles  of  the  magnet.  That  the  direction  of  the 
currents  actually  changes  in  the  way  indicated,  is  easily  seen  from 
the  rules  given  concerning  the  direction  of  the  induced  currents, 
for  as  a  and  b  are  opposite  poles,  the  removal  of  a  must  induce  a 
current  in  the  same  direction  as  an  approximation  towards  the 
pole  b. 

In  order  to  be  able  conveniently  to  make  experiments  on  the 

pio.  447. 


currents  induced  by  magnets,  niuchines  have  been  constructed 
according  to  the  above  indicated  principles,  which  bear  the  name  of 
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mapieUhdeeiHe  maekmei  of  raiaikm.  Fig.  447  vepreieiitB  one  of 
these.   Hie  indaetive  spirals,  A  and  B,  are  wound  round  two 

cylinders  of  soft  iron,  secured  to  the  two  ends  of  a  horizontal  iron 
plate,  the  centre  of  which  is  on  a  vertical  iron  axis,  as  may  be  seen 

in  Fig.  448.  The  manner  in  which  the  rotation 
of  this  vertical  iron  axis  is  effiocted^  is  made  appft>  | 
rant  in  Fig.  44ff,  ond  needs  no  further  eiplanatwo. 
Dnring  the  rotatkm  the  two  iron  oores  pass  under  the 
poles  of  several  powerful  horso-ahoe  magnets,  laid 
horizontally  over  each  other,  and  each  iron  core 
of  the  horse-shoe  is  thus  alternately  converted  into 
a  north  and  a  south  pole.  j 

The  convolutions  around  both  iron  corea  are  of  course  formed 
only  by  one  very  long  piece  of  wire.  The  one  end  ia  fastened  by 
means  of  a  screw  to  an  iron  ring  ^  protected  by  some  wi«ilari«^  | 
substance,  solid  wood  or  iron,  firam  oontaet  wi^  the  iron  uis  of 
rotation,  aa  seen  in  Fig.  449.  The  opposite  end  of  the  wire  in 
in  Hke  manner  screwed  upon  the  iron  plate  which  supports  i 
two  cores ;  it  is,  consequently,  in  contact  with  the  whole  iron  am 
of  rotation. 

On  this  iron  axis  an  iron  cylinder  A  is  immediately  aecoied, 
which  we  will  at  once  consider.    As  the  iron  ring  ^  ia  in  | 
Fio.  449.    communication  with  one  end  of  the  wire,  and  the  iron 

cylinder  h  with  the  other,  we  may  regard  y  and  h  as 
the  ends  themselves;  the  inductive  spiral  will  be 
closed  on  bringing  (/  and  /*  into  connecting  communi- 
cation with  each  other ;  on  this  being  done  the  current  of  induction 
will  circulate  in  the  wire  coils,  and  the  whole  system  be  made 
to  rotate.  For  the  sake  of  simplifpng  the  matter,  we  will 
designate  the  whole  rotating  system  by  the  name  td  ImAtdor. 

Wc  have  still  to  consider  the  iron  cylinder  A,  which  consists  of 
three  divisions  lying  over  one  another,  and  of  which  only  the 
middle  one  has  a  perfectly  unbroken  circumference.  At  the  upper 
parts  are  two  channcl-likc  depressions  diametrically  oppoaitc  to 
each  other,  while  at  the  lower  end  of  A  a  part  is  cut  away, 
which  takes  off  about  half  the  circumference  aa  may  be  deaxfy  seen 
in  our  Figure. 

On  either  side  of  the  axis  of  rotation  is  a  small  brass  column 

with  several  apertures,  in  which  metallic  springs  may  be  inserted, 
and  the  circuit  be  thus  closed  in  various  ways. 

Our  Figure  represents  the  machine  as  it  must  be  arranged, 
in  order  to  produce  powerful  physiological  actions.   In  the  upper* 
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most  aperture  of  the  column  to  the  right,  a  spring  is  screwed  on 
which  constantly  presses  upon  the  iron  ring  g  during  the 
rotation  of  the  inductor;  but  the  steel  spring  in  the  next 
aperture  closes  upon  the  upper  part  of  the  iron  cylinder  h, 
and  in  this  manner  the  circuit  is  closed ;  while,  as  often  as  the 
end  of  the  steel  wire  passes  over  one  of  the  channel-like  depres- 
sions, the  connection  is  interrupted.  This  interruption  occurs 
exactly  when  the  poles  of  the  inductors  have  been  removed  from 
over  the  magnetic  poles.  There  exists,  however,  another  connec- 
tion between  the  iron  ring  g  and  the  cylinder  A,  into  which  the 
human  body  may  be  brought.  A  brass  spring,  constantly  pressing 
upon  the  middle  part  of  the  cylinder  A,  is  screwed  into  the  left 
side  of  the  brass  pillar ;  by  which  means  the  small  brass  pillar  to 
the  left  is  connected  with  A,  as  ^  is  with  the  pillar  to  the  right. 
A  metallic  conductor  L  is  in  connecting  contact  with  the  pillar  to 
the  left,  and  the  conductor  R  with  the  pillar  to  the  right ;  as 
often,  therefore,  as  the  current  there  is  interrupted  by  the  sliding 

FIG.  450. 


of  tlic  steel  spring  over  the  depressions,  the  shock  of  disjuuctiou. 
will  pass  through  the  body,  for  it  is  only  then  that  the  electric 
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earrent  (which  hitherto  has  passed  directly  from  k  through  the 
steel  epring  to  the  right  hand  pillar)  now  pefiM^  by  a  drcQitonB 
course,  first  to  the  left  pillar,  ftmn  this  to  theeondnctor  L,  throii|^ 
the  human  body  to  R,  and  then  finally  to  ihe  piBar  at  the  right 

On  tuminp  the  machine  rapidly,  the  shocks  of  disjunction  will 
succeed  each  other  so  violently  that  it  will  scarcely  be  possible  to 
endure  the  effect.  If  we  wish  to  weaken  the  intensity  of  the 
ahocks,  it  is  only  necessary  to  turn  the  machine  more  slowly,  or  to 
connect  both  poke  of  the  inducing  magnets,  Iqr  means  cxf  an 
armature  of  soft  iron* 


PART  V. 

THXRMO-ELECTBIC  CURRENTS  AND  ANIMAL  ELECTRICITY.* 

If  two  metallic  bars  be  so  soldered  together  that  they  compose 
a  closed  circuit  of  any  form  we  choose  to  give  them,  a  more  or  leas 
intense  current  will  be  produced  as  often  as  the  temperature  varies 
at  the  two  placea  of  junction,  the  current  continuing  as  long  aa  this 
difieience  of  temperature  is  maintained. 

This  may  be  shown  for  a  special  case  with  the  apparatus  in 
Fig.  451.    *     is  a  piece  of  bismuth,  s  c  s'  b  baud  of  copper 
no.  451.        soldered  on  the  ends  of  the  bismuth  bars  ;  a  b  is 
c   a  magnetic  needle^  moveable  freely  on  a  point.  If 

fl  the  two  places  of  junction  have  the  same  tempera- 
ture  as  the  surroundmg  air,  the  apparatus  must  be 
so  placed  that  the  plane  $e$'  may  coincide  with 
the  plane  of  the  magnetic  meredian,  and  that,  con- 
sequently, the  needle  may  stand  parallel  with  the 
axis  and  the  longer  sides  of  the  bismuth  bar.  As 
soon  now  as  one  of  the  joining-places^  s,  for  instance,  is  heated, 
the  needle  will  experience  a  more  or  less  strongly  marked  devia- 
tion; but  if  this  spot  #  be  cooled  below  the  temperature  of  the 
surrounding  air,  we  ahall  observe  a  deviation  in  the  opposite 
'dhrection. 

These  deviations  of  the  needle,  first  to  the  one  side  and  then  to 
the  other,  evidently  indicate  the  presence  of  an  electric  current, 
traversing  the  apparatus  in  a  definite  direction,  if  the  8j)ot  s  be 
warmer  than    ;  but  in  an  opposite  one  if  <  be  cooler  than 

*  Professor  T.  ThoniMii's  '*  Heat  and  Electricity/'  8\o.  2nd  edition,  Loudon,  1840. 
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All  metals  do  not  yield  tbe  aauie  marikfid  fandto  aa  bnoMilli 
1  copper;  and  in  aoflh  eaaea  we  mmt  nae  a  ayatem  ef  two 

idles,  as  seen  in  Fig.  452,  instead  of  one.   The  upper  band  s  c  s' 
FiQ,  452.      has  an  opening  in  the  middle,  to  admit  of  the  pas- 
sage of  the  connecting  pieoe  between  the  tiro  needles^ 
whik  the  pointy  homvsTj  en  whidi  the  a^itsm  of  the 
two  needles  plays,  passes  to  the  upper  needle. 

It  is  not  essential  to  have  an  especial  aj)paratua 
(as  seen  in  Jb^ig.  4&2)  for  making  the  fundamental 
eiperiniflnta  on  ihenno-eleelne  ennentsi  linoB  we 
may  use  any  delieatdy  suspended  compass  needle 
1  for  this  purpose,  somewhat  like  that  delineated  in  Fig.  458. 


no.  454. 


Here  we  have  an 
ekmgated  paralle- 
logram, Fig.  454, 
aij  the  thermo- 
electnc  element, 
eomposed  of  Imb* 
nuiih  and  antt- 
mouy.  In  our 
figure  the  lightly  shaded  half  de- 
aigmatea  the  former,  and  the  darkly 
shaded  half  the  latter  eonstituent 
The  two  metals  are  soldered  to- 
gether at  8  and  ^.  In  order  to 
make  this  experiment,  we  must 
sfully  warm,  oror  a  sdmU  qpirit  lamp,  the  one  soUbeed  jnnetion, 
then  hold  one  of  the  longer  sides  of  the  figure  over  the  mag- 
needle,  which  must  then  be  in  its  usual  position.  We  must 
jffk  here,  that  Fig.  454  is  delineated  on  a  somewhat  smaller 
B  than  408;  sinee  the  parattdflgvam  ef  bismnth  and  antimoiqr 
ht  to  be  so  large,  that  eadi  of  its  longer  sides  may  be  at  least 
(jual  length  with  the  magnetic  needle. 

unple  thermo-electric  circuits  are  often  made  in  the  manner 
•eMOted  in  Fig.  456;  a  i  ia  a  small  bar  ef  antuneny  er  Ua- 
ne.  456.  nmth,  at  both  sides  of  whidi  a  copper  wire 

a  e  d  c  is  soldered.    To  make  this  experi- 
ment, we  must  warm  the  one  soldered  join- 
ing either  at «  or    and  hold  the  ineoe  of 
wire  #  i  ofer  tlie  needle* 
lie  investigations  that  have  been  made  as  to  the  mutual  rela- 
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tion  of  different  metals,  with  respect  to  the  excitement  of  thermo- 
electric currents^  have  shown  that  the  mctala  admit  of  being  ranged 
in  one  series^  which  has  this  property,  that,  on  forming  a  circuit 
at  ev«fy  two  metals,  and  lieating  the  place  of  contact  of  the  two, 
ilie  +  earreat  at  tUa  spot  wOl  paaa  from  the  metal  atandiiig 


Antimony 

Arsenic 

Tm 

Silver 

Iron 
Zinc 

Manganese 

Cobalt 

Gold 

Palladium 

Copper 
Bran 

Platinum 
Nickd 

Rhodium 

Lead 

Mercury 

Bismuth 

Thus,  in  the  apparatus  Fig.  451,  the  current  will  pass  in  the 
.  direction  from  a  over  c  to  s',  and  then  back  to  «  on  heating  the 
soldered  part  at  s.  At  this  point  therefare,  the  next  body 
standing  higher^  vis.  oopper^  ia  positive  with  respeet  to  the  lower 
one,  bismu^.  In  the  pandldognan.  Fig.  4M,  the  positive  current 
circulates  in  the  direotion  of  the  arrow,  if  the  spot  at  #  ia  ninner. 

Thermo-electric  Piles. — As  in  the  case  of  Volta's  piles,  so  we 
may  also  here  combine  many  thermo-electric  elements  to  form 
thermo-electric  piles,  capable  of  giving  a  current  if  the  soldered 
parts  1, 3,  6,  be  warmed,  while  the  intervening  pointa  remain 
cold* 

Thermo-deetiie  piles  of  this  kind  may  aerve,  in  eonneetion  with 
multipficators,  to  make  the  slightest  diffarence  of  temperature 

manifest.  Amongst  all  those  constrocted  for  this  purpose,  €b» 
apparatus  proposed  by  Mobile  is  undeniably  the  most  ingenious 
ftfid  the  most  sensitive.    Fig.  456  represents  an  apparatus  of  this 

kind.  It  is  composed  of  from  25  to  30  very 
fine  needles  of  bismuth  and  antimony,  which 
are  about  4  or  6  centimetres  in  length.  They 
are  ao  soldered  together,  see  Fig.  457,  that  aU 
the  even  soldered  joinings  are  on  one  aide,  and 
the  odd  joinings  on  the  other.  The  whole  forms 
a  small,  compact,  solid  buiullc,  owiufr  to  the 
insulating  substances  with  which  the  intervals 
between  tiie  aevisral  rods  are  filled;  for  they 
muat  of  course  not  be  in  contact^  excqytmg  at 


no.  457. 
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the  soldered  joinings.  One  of  the  two  half  elements  in  which  the 
circuit  terminates  is  in  connection  w4th  the  peg  ar,  and  the  other 
with  the  peg  y;x  and  y  form  in  this  manner  the  two  poles  of  the 
pOe>  and  are  faronglit  into  communication  with  the  ends  of  the 
nmhiplicator  wire. 

If  the  soldered  points  on  the  one  side  experience  the  slightest 
elevation  of  temperature,  the  multiplicator  needle  will  at  once 
deviate  from  the  magnetic  meridian. 

Animal  Electricity. — It  has  been  long  known  that  there  are 
fishes  capable  of  imparting  electric  shocks ;  among  which  the  most 
remarkable  are  the  torpedo  and  the  electric  eel.  The  former 
is  met  with  in  the  Mediterranean  and  in  the  Atbntic  Ocean^  and 
the  latter  only  in  the  inland  poob  of  South  America. 

When  the  torpedo  is  oat  of  water,  we  experience  a  shock  on 
touching  any  part  of  its  skin^  either  with  the  finger  or  the  whole 
hand. 

We  may  in  like  manner  receive  a  shock  on  touching  the  fish 
with  a  good  conductor^  as  that  of  a  metal  rod  several  feet  in  length* 
The  ahock  is  prevented  hy  every  had  ccmdnetor^  and  we  m^ 
V10.  458.  consequently  seise  the  animal  with 

impunity  by  meana  of  a  glasa  or  xesin 
hook. 

The  back  of  the  animal  is  posi- 
tively, and  the  abdomen  negatively 
electric;  the  electric  current  passing 
through  a  conducting  wir^  and  con- 
necting the  back  and  abdomen,  pro- 
duces all  the  actions  of  dectric  cur- 
rents, although  only  in  a  modified 
form. 

The  organ  in  which  the  electricity 
is  developed  has,  in  the  different 
dectric  fiahes!,  essentially  the  same 
teiture  and  appearance,  althoogh  its 
form,  siie,  and  arrangement  dilfer. 
We  will  now  attempt  to  give  an  idea 
of  the  organ  of  the  torpedo, — the  fish 
which  has  been  most  accurately  ex- 
amined. 

Fig.  458  represents  a  torpedo  seen 
from  above,  opened  at  the  side  to  show  the  electric  organ.  This 
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passes  anteriorly  ckwe  to  the  fore  part  of  tbe  head,  its  upper  mirfiwe 

touching  the  skin  of  the  back  by  means  of  a  fibrous  membrane,  and 
the  lower  surface  touching  that  of  the  abdomen ;  its  external  sur- 
face rests  upon  the  muscle  of  the  lateral  fin,  and  the  inner  one  at 
the  principal  muide  of  the  head  and  the  anterior  part  of  the  trunk* 
Seen  from  above  or  below,  the  electric  organ  exhibits  polygonal,  or 
roundish  diyisions  (Fig.  459) ;  but  from  a  lateral  point  of  riew  it 

exhibits  parallel  stripes  or  bands,  m 
Fio.  460.  seen  in  Fig.  460.  The  whole  organ 
consists  of  a  number  of  polygonal  or 
roundish  columns,  the  axis  of  which 
runs  in  a  direction  from  the  abdo- 
men to  the  faacL  The  marginal  edge 
of  each  oolomn  ibnna  a  somewhal 
appearing  to  answer  the  same  purpose 
as  the  glass  plates  between  which  the  galvanic  pile  is  built  up. 
Each  column  consists  of  a  number  of  fine  teniae,  which  arc  either 
plain,  or  cur\'ed,  and  are  separated  by  very  adhesive  mucous  layers ; 
thus  these  columns  afford  a  striking  resemblance  in  their  con« 
struction  to  a  galvanic  pile. 

There  are  generally  found  to  be  from  400  to  600  such  odnmna 
or  piles  on  either  side  of  a  torpedo. 
In  the  electric  eel  (Fig.  461)  the  electric  organ  is  situated  in  its 

no.  461. 


thidc  tendonous  membrane 


tail.  In  this  animal  the  anus  lies  so  far  forward,  that  the  tail  of 
the  gymnotus  is  nearly  4  J  times  as  long  as  the  body  and  head 
combined ;  and  here  the  electric  organ  extends  almost  the  whole 
length  of  the  tail  on  either  side  of  and  under  it,  so  that  the  electric 
appantns  of  the  animal  has  a  very  great  extension,  owing  to  whidi 
the  electric  ed  is  able  to  impart  shoeks  of  extreme  ?iolenee. 

In  the  gymnotus,  the  columns  forming  the  electric  organ  do  not 
lie  vertically,  as  in  the  torpedo,  but  extend  in  the  direction  of  the 
tail ;  so  that  the  discs  of  wliich  they  arc  composed  stand  verticallv. 
Hence  it  comes,  that  in  the  electric  eel  the  positive  current  goes  in 


Digitized  by  Google 


▲NIIIAL  BLICtUOITY. 


488 


the  direction  of  the  head  tovavdi  the  tail ;  oonaeqneiitly  not  like  the 
togpedo^  when  the  eamnt  peaees  firom  die  beck  to  the  abdomen. 

Eleetrie  currents,  not  occasioned  by  especial  electric  organs^  have 
been  observed  in  the  animal  organism.  Nobili  has  found,  that  on 
touching  with  the  one  wire  end  of  a  multiplicator  the  head  of  a 
Imiig  or  dead  frog^  and  ita  ftei  with  the  other  wiiei  a  eonent  will 
pMa  from  iha  head  to  the  feet.  In  like  manner,  a  enmnt  may  be 
observed  on  making  an  incision  into  the  muscle  of  any  animal, 
and  connecting  the  exterior  surface  of  the  muade  with  the  cut 
■oifMe  by  meana  of  the  moltiplieator. 
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SECTION  Vll. 

Of 


CUAPT£E  I. 

BXPAN8I0N. 

Our  capacity  ckf  feebng  enablea  us  to  diadiminate  between  Ibe 
diftrant OQiiditaoDS iriu^  i^,wmm,€oH^  inwam 

bodiea.   If  abody  tbatweeaOeoldbeooiiie  wwm,  andlio^ 

increase  in  volume,  or  be  expanded. 

Tbe  unknown  cauae  producing  this  expansion  of  bodies^  and 
wbieh  at  tbe  aame  time  oocarioiDa  tbe  diffierant  abofa-mentioaed 
impreiaioiia  on  omt  capability  of  fiBeUng^  ia  teniied  Aaaf • 

Heat  not  ontyeflbcts  an  expansion  in  bodies,  bat  ia  likewiaa 
able  to  alter  their  aggregate  conditions,  I'lisiiig  solid,  and  evapo- 
rizing  fluid  bodiea.  We  will  now  proceed  to  tbe  cxmaidCTation  of 
tbe  laws  of  tbeae  phenonmna, 

Tke  TkermomeUr. — Bmoe  all  bodiea  are  eipanded  by  hettt,  and 
as  the  volume  of  a  body  depends  upon  the  degree  of  heat  it 
poaiessesy  the  expansion  of  a  body  may  serve  to  meaaore  tbe 
d^gieaof  ita  beat;  and  thia  degree  of  beat  we  torm  toygrialara^ 
and  tbe  inatmoMnt  need  to  define  it,  a  tktrmmeUr. 

Fig.  462  represents  a  mercurial  thennometer ;  tbe  bulb  is  filled 
via.46a.vitb  mercury;  this  fluid  rises  iu  the  tube  to  a  detinite 
^  heig^ty  dependant  on  the  ten^peiatare.  If  tbe  bolb  be 
wanned,  tbe  Tidnvie  of  tbe  meceniy  will  be  inenaaed,  and 
it  will  rise  in  the  tubCi  and  we  say  the  temperature  has 
increased.  If  the  bulb  be  cooled,  the  volume  of  the 
mecciiry  will  again  diminish,  and  tbe  fluid  will  sink  in  the 
tobe,  and  we  asy  tbat  tbe  temporatore  baa  fiiUen. 

At  eqnal  degreea  of  temperature  the  top  of  tbe  nercnry 
will  always  occupy  the  same  place  in  the  tube ;  thus,  on 
comparing  a  larger  or  a  smaller  thermometer  witb  tbe 
first,  both  will  riaa  and  &11  together,  but  the  aetnal  anMMuH  of 

*  See  Professor  Thomson's  "  Heat  aud  filectiicity/'  2nd  £diUou,  8vo.  IBiO. 
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may  be  mry  dtAvent.  If,  tat  jnntoiftj  flie 
two  ImllM  are  equals  but  tbe  tube  of  the  one  10  times  larger  in  its 
bore  than  that  of  the  other,  the  mercury  will,  at  an  equal  degree 
of  temperataic^  rise  10  times  higher  in  the  narrower  tube. 

A  thennoinelar  ct  Hob  load  ena  eoly  eerve  to  Aow  wbeUier  m 
certaiD  degree  of  tempemtme  be  present,  or  whether  it  be  higher 
or  lower,  according  as  the  top  of  the  mercury  stands  higher  or 
lower  in  the  tube.  Such  an  instrument  might  be  of  some  u^e  to 
■eieaeoi  but  it  ia  only  by  their  gradnetioii  that  thenDometera  e«a 
bo  Tendered  pvaetieilly  uaeAd :  Ave  enabling  na  to  expfesa  the  tem- 
peratures, to  compare  them,  and  thus  ascertain  the  laws  of  heat. 

It  will  of  course  be  understood  that  only  such  glass  tubes  must 
kn  s|qplied  to  thonnoBetefa  aa  an  pevfiBetly  cylindri 
tfiey  ate  aov  ia  known  by  dbaarringif  a  globide  of  nereury  soflfaied 
to  pass  up  and  down  one  of  these  tubes  occupy  an  equal  length 
in  all  parts  of  the  tube. 

After  n  tnbe  haa  been  blown  out  into  a  bnlb^  it  must  be  filled 
widimamiy;  tor  ifaia  pnipoae  Aebnlb  is  warmed,  in  order  thai 
tbe  air  eonteined  widm  it  may  be  expanded,  and  then  the  open 
end  of  the  tube  is  rapidly  plunged  into  the  mercury  (Fig.  463). 
lea.  I^^b  cooling,  the  mercury  ascends  into 


tka  toba.  It  ia  anOoiait  hen,  if  only  a  Aar 
diopa  vaadi  tiie  bolb.  If  wo  now  again  invert  the 

instrument,  and  heat  the  ball  a  second  time  till 
the  Enid  begins  to  boil,  the  vapour  of  the  mercury 
will  aoen  fill  the  whole  apaae>  driving  the  air 
enlMy  out ;  anfl  wben  tiie  open  end  6t  the  tube 
is  again  quickly  plunged  into  the  mercury,  we 
may  be  sure  of  the  bulb  becoming  entirely  filled. 

Betoe  the  thennonMter  ia  ckwed  it  must  be 
nynfalsd;  thait  ia  to  mf,  aa  mndh  maveory  mnat 
be  added  ur  taken  away  as  is  necessary  to  make 


the  amount  correspond  to  the  medium  temperature  for  which  the 
tliermometer  is  intended :  it  must  then  be  hermetically  closed. 

He  gradnation  of  thermometcra  eonaiata  in  maiidqg  two  fated 
pamt9  en  the  tnbe,  and  ikm  dividing  tike  intenrening  space  into 
equal  parts.  For  these  points,  the  boiling  and  freezing  points  of 
I  water  are  generally  taken.  To  determine  the  latter,  the  thermo- 
nMter  ball  and  the  tobi^  aa  iar  aa  it  ia  filled  by  Ae  mereoiy,  are 
plunged  into  a  vessel  filled  with  finely  poondad  iee,  Fig.  464 
If  the  temperature  of  the  surrouudiug  air  be  higher  than  the 

F  F  2 
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freesing  poiiU^  the  ice  will  melt,  and 
the  whole  mast  will  mmune  the  fixed 

ieiuiperaliiie  of  tlie  ftouing^  poinsL 
The  thermometer  will  also  soon  ac- 
quire tlus  temperature,  and  from  that 
momant  it  wffl  femein  perfbetly  it»* 
tionary,  when  we  have  only  to  mark 
with  accuracy  the  point  of  the  tul>e 
where  the  top  of  the  column  of  mer* 
eary  itandk  This  point  ia  fint  da-* 
signated  by  a  Gne  of  ink^  and  wdm^ 
quently  marked  by  a  diamond. 
In  order  to  determine  the  boihng  point,  we  take  a  vessel  with 
a  long  neck,  (Fig.  4136),  and  heat  diafcdled  water  within  it  to  the 
bdliiig  point;  after  the  boiling  haa  gone  on  aoBae  time,  all  pnrta 
of  the  vessel  will  be  equally  heated,  and  the  vapour  will  escape  at 
the  lateral  openings;  the  thermometer  is  then  surrounded  on  all  sides 
byTaponr,theteBipentiueo£  wlftich  wiUbetheaao^  the 
npperlayer  of  water.  Themeremy  wiUaooniiaetoapQintat  wUA 
it  will  remain  standing,  and  which  it  wiU  not  exceed.  This  point  ia 
designated  as  0.    If  at  this  moment  the  height  of  the  barometer 
be  not  exactly  760^,  a  correetioQ  must  be  made,  the  amount  of 
whieb  will  be  giten  when  we  treat  more  Mky  of  boiling.    In  the 
centigrade  thennometers  Hie  interval  between  the  two  fixed  points 
is  divided  into  100  parts,  and  the  thermometer  scale  thus  made. 

AU  thermometers  constructed  in  this  mannwr  are  ^VHnparable 
instromenta;  that  ia  to  aay,  they  eodubit  an  eqpial  number  of 
degreea  at  eqnal  temperatnrea. 

Mercurial  thermometers  may  be  constructed,  which  ero  to  the 
360th  degree ;  but  beyond  this  it  is  not  expedient  to  i*aise  them, 
for  fear  of  a|ipioaehing  too  nearly  to  the  boiling  point  of  mereniy, 
whieh  ia  400^  C.  Bdow  leio,  die  gradnatkma  menorial  tlier> 
mometers  may  go  correctly  as  far  as  —  30^  C.  or  —  35'^  C. ;  but 
beyond  this  we  should  approach  too  nearly  to  —  40°  the 
fireesing  point  of  mercury.  •  As  we  iqiqpraxiniate  to  the  teinpeta* 
tnzea  in  whieh  bodiea  diange  their  aggregate  eonditioii,  tbeir 
expansion  is  no  longer  regular. 

All  thermometers  are  not  graduated  according  to  the  centigrade 
scale.  In  Germany  and  France  Reaumur^ s  thermometers  are  mock 
need,  whieh  are  divided  into  80^,  althongb  fior  acientific  investiga- 
tions  the  centigrade  division  of  Cebku  is  almost  exclusively  applied 
to  thermometers. 
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It  is,  homew,  -esij  to  reduce  Ceknu^  Male  to  that  of  Remmmr, 
mAw$§per$di  fbr  as 

100"  C.  =  80*^  11.,  P  C.  =  0,8«  R.,  and  P  R.  =  1,25«  C. 
Conaequently      C.  =  a?,  0,8^  R.,  and      ti.  =  n  .  2;i5«  C. 
We  may  Uius  eqiren  the  tame  thing  in  words:  In  order  to 
chaage  JRemmm^M  scale  to  that  of  Celim$,  we  multiply  the  nnmber 

of  the  Reaumur  scale  by  1,25,  or  by  ^ths.  If,  on  the  other  hand, 
we  want  to  change  Celsius^  degrees  into  the  Reaumur  scale,  we 
multiply  the  given  number  of  the  degieca  by  0,8,  or  what  is  the 
aaaae,  Iqr  ^ths* 

In  -England  Pkkrenkeifi  scale  is  exclusively  made  use  of,  the  0 
of  which  docs  not  correspond  with  those  of  the  two  above-men- 
tioned scales.  The  null  point,  or  0  of  Fahrenheit s  thermometer 
agrees  with  the  graduated  line  — 17iths  of  Ctlmif.  Its  mehang 
point  far  iee  is  and  the'  boiling  point  of  water  at  212^ ;  so 
that  the  interval  between  the  two  is  divided  into  180  degrees. 
According,  therefore,  to  their  absolute  value,  180^  F.  =  100^  C; 
eonaequentfy  P     »        C,  and  P  C.  »  i<tiis 

It  is  necessary,  however,  before  we  attempt  to  lednee  the 
degrees  of  one  of  these  thermometers  to  the  scales  of  the  others, 
to  take  into  account  that  their  zero  points  do  not  coincide.  On 
changing  FakretUkeWs  scale  into  that  of  the  CMm  thermometer, 
we  must  snbtract  82  from  the  given  fundamental  number,  and 
multiply  the  remainder  by  f :  thus  we  have  $fi¥.sss{g —  82)  C. 
On  changing  the  Celsius  or  centigrade  scale  into  that  of  Fakren^ 
heit,  we  multiply  it  by  f  and  add  32  to  the  product ;  conaequently 
^C.  s  (y  •  f  +  82)<»  F.  In  order  to  £Militate  a  omnparison 
of  the  diflGeient  scales,  we  give  the  following  table. 


Reaumur. 

PahienheiL 

• 

—  20 

—  16 

—  4 

—  10 

_  8 

+  14 

0 

0 

82 

+  10 

+  8 

50 

20 

16 

68 

80 

24 

86 

40 

88 

104 

60 

40 

m 

60 

48 

140 

70 

66 

168 

80 

64 

176 

90 

72 

IM 

100 

80 

212 
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EXPANSION  or  SOLID  JBQOIJBS. 


Bbq^ansion  of  solid  bodies. — As  the  expansion  of  solid  bodtiet  by 
bett  is  inconsiderable,  means  must  be  defised  for  makiDig  it  sme 
9iffmtd  to  Ae  sgre.  Has  is  most  Amply  dbeted  m  Ae 
£dlowing  way.   Arodbb'  (Fig.  408)  made  of  tbe  body  to  be 

m.  466.  examined  is  supported 

atone  extremity  against 

wbilst  its  other  extre- 

mity  rests  agrainst  the 
shorter  am  of  an  an* 
^  gnkr  kfor,  i  e  1^  tbt 
ean  ratate  lOud  As 

fixed  point  c.  If  now 
the  end  /  of  tL 


of  the  aborted 

am  be  pnsked  omraid  by  die  eipoMm  of  tbe  nd  A  tke  otbsr 
end  V  win  tranme  m  mndi  wider  iqiaee;  and  we  may  in  Ais 

manner  make  even  tbe  slightest  prolongation  of  the  rod  h  V 
perceptible,  provided  tbe  length  c  be  very  large  in  projwrtion 
to  eJL 

By  aid  of  apparatus^  tbe  eansfanielioB  of  whieli  nssfwtieHy  icsla 

upon  the  above-mentioned  principles,  the  cxj)ansion  of  many  bodies 
has  been  ascertained.  The  following  list  will  give  a  few  of  the 
>rtant  of  these. 


iiui;i«niiti« 


For  an  ebvatkm  of  tempetalte  ftom  0  to  lOQP  a»  we 
these  expansions: 


Flatmom 

Ohws  on  the  ayerage 

Steel  (hard) 
Iron    .  • 
Copper 
Tin 

Lead  , 
Zinc  . 


about  0,00086  or  tiVt 


9$ 


99 


99 


9f 
99 


99 


if 


if 


OflOOW 

0,00124 
0,00122 
(V00I71  „ 

0,00285 
0,00294 


Tmr 


99 


TST 


A  steel  rod,  therefore,  which  at  0^*  has  a  length  of  807  lines, 
will  have  a  length  of  808  lines  at  100^;  a  sine  rod  of  only  ^40 
Unea  m  lengdi  will  eqpand  1  line  at  an  inerease  of  temperstiiie 
from  0  to  lOQP.  Amongst  all  the  above  gmn  bodies,  pbtimiBi 
expands  the  least,  and  zinc  the  most. 

Almost  all  solid  bodies  expand  equally  between  0  and  100^; 
that  is,  their  expanskm  is  proportional  to  the  elevation  of  tempe> 
ratine.  At  an  inerease  of  tmperature  bm  0  to  l<y  eopper 
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^¥fft"^°  0^000171;  at  an  elevation  of  tmp«r«tnrft  ixom  (V'  to  1^  it 
caqpn^  0,0000171  of  ite  lengtb  at  OP. 

Iho  Bimbflr  espnamg  ike  ertenl  of  kngih  firam  OP^  wliieh  » 
body  expands  at  an  elevation  of  temperature  from  0  to  100^, 
is  termed  die  oo-efficient  of  the  expumion  of  length.  The  above 
teUe  gi?€t  the  ip-efficieiit»  tot  pktknm,  glan»  steel,  &c 

AiMt  ii|wwifm  is  the  ineMiae  in  llie  Tohnne  of  m  body  pro- 
duced by  an  elevation  of  temperature.  Here,  too,  the  volume  of 
the  body  at  0'^  is  taken  as  the  starting  point,  and  by  the  co-effi- 
ciaiae  of  eKpaoMn  we  here  understand  the  number  giving  the 
quantity  vhkii  expreiM  fay  haw  mmix  q£  its  onginal  vvdnme  at  tfi 
a  body  on  heating  it  to  100^  C.  expands.  If  we  say  that  die  oo* 
efidcicutof  the  expansion  of  mercury  is  O^OlSy  it  means  that  mercury 

18 

expands  at  an  elevation  of  temperature  of  100*^  about  Jqqq 
vohme  at  QP.  If  wefcaow  the  eo-eflfeienls  of  expanskn  and 

volume  of  a  body  at  0^,  we  may  reckon  its  volume  at  any  degree 
of  temperature,  provided  that  the  ft?FpftT^^uv>  of  the  body  be  n^gnlar 
lip  to  this  degree  of  tenqpcniwa 

In  liquid  and  gaaeoiia  bodies  the  CKpaaaioii  can  be  detaradned 

directly  by  experiments,  whilst  lu  solid  bodies  it  must  be  estimated 
from  the  linear  expansion  observed. 

m  ike  to-efficieni  far  ike  Knmr  eepmmom  qf  ike  boHee, 

"We  may  convince  ourselves  of  this  by  die  following  reasoning. 
Let  /  be  the  side  of  a  cube  at  0'^,  then  /'  is  its  volume,  which  we 
will  designate  by  9 i  if  the  cube  be  heated  .to  the  100^  C.  each  side 
beeoniea  4     +  ^)»  eonsaqpien^  the  eontenla  of  the  cube  are: 
=r        +  r)»  «  f  (1  +  8r  +  8r»  +  r'). 

But  as  r  is  a  very  small  quantity,  we  may  disregard  its  higher 
powers  when  the  value  of    will  consequently  be  reduced  to 

v'sl-Cl -|.  dr)sv(l  +  ar). 
Tbe  ^olame  9  is  consequently  inemaed  about  8r«;  and  Aib 
co-efficient  of  expansion  for  the  volume  is  consequently  3  r. 

We  will  endeavour  to  make  this  more  apparent  by  a  geomethcal 

I«i«6«be  aeidieftnnedofaaolidbodyatOP(Fig.  467).  If 

this  cube  were  only  expanded  upward  at  an  elevation  of  temperature 
of  100^,  its  volume  would  increase  as  much  as  the  quadratic  plate  a  d 
€  k,  whose  solid  contents  are  o  if  v  be  the  volume  of  the  onginal 
dii^  and  r  the  linear  eo-eiBaMii  of  expanaioiL  If  the  enbe  only 
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qwnded  iowHrds  the  left  nde,  it  would  be  inereMed  by  an  equally 
no.  467.  large  plate  e gh f,  and,  finally,  a  tiiifd 

plate  b  i  h  c,  whose  contents  are  like- 
wise r  r,  would  be  the  result  of  the 
expansion  of  the  body  anteriorly.  The 
cubic  contents  of  these  three  platee 
togelher  an  8r«,  To  eompiele  ^ 
estimatkm  of  the  inereaae  by  heat  of 
the  cube,  we  ought  to  add  the  eontsBla 
of  the  comers,  which  are  tilled  up 
at  the  places  where  every  two  of  the 
above-mentioned  plates  meet  together  at  the  edges;  but  the 
amount  of  this  is  so  inoonaiderabk,  that  it  may  be  disregaided, 
since  the  sixe  of  the  linear  expansion  if  a  is  very  small  in  com^ 
pariaon  with  the  lengths  of  the  aides  of  the  original  eab^  and  we 
may  ihus^  without  aeriona  enor,  asaome  8  r  o  to  be  the  whole 
increase  of  the  volume. 

The  co'efficient  for  the  expansion  of  length  in  glass^  for  instance, 
is  0,00087,  at  an  elevation  of  temperature  from  0  to  100^^,  con- 
sequently a  mass  <^  glass  will  expand  about  0,00251  of  its  volume; 
the  same  is  the  case  with  the  contents  of  a  glass  vessel.  If  a  glass 
vessel^  at  a  temperature  of  0^,  contain  exactly  1000  cubic  eenti* 
metresi,  ita  contenta  wiU  at  lOOP  hove  incnaaed  to  1002,61  cubic 
ceDtimetres. 

Eacpamion  of  fluids. — The  apparatus  in  Fig.  468  may  be  used 
to  determine  the  expansion  of  various  fluid 
bodies.  The  neck  of  a  glass  vessel  of  corre- 
sponding size  is  so  much  contracted  at  one  spot, 
that  the  part  above  may  be  in  some  degree 
considered  as  a  fbnneL  The  narrowest  part 
of  the  neck  a  is  marked  in  some  way.  Tlie 
globe  is  now  filled  with  the  fluid  to  be  examined^ 
so  that  it  reaches  above  a,  within  the  funnel^  and 
the  whole  is  cooled  down  to  0^,  while  the  apparatus 
is  entirely  surrounded  with  melting  snow^  or  ice. 
When  the  fluid  is  cooled  to  O^j  all  the  fluid  standing  above  the 
mark  must  be  removed.  If  we  wdg^  the  filled  gk>be,  abstract- 
ing firom  the  weid^t  found,  that  of  the  glass  rasei,  we  shall  obtain 
the  weight  of  the  fluid  rising  in  the  globe  at  0^.  As  soon  as  the 
globe  is  warmed,  the  fluid  will  expand,  ascending  above  the  mark 
a  on  the  funnel.    When      have  warmed  it  to  a  certain  degree  of 
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tempgfiuitt,  as  100^  we  nniflfc  remove  all  die  ftud  etandmg  abovis 

a,  and  weigh  it  a  second  time.  After  this,  it  will  be  easy  to 
calculate  the  apparent  expansion. 

«  The  ezpanakm  thua  detennined  ia,  aa  we  have  already  remarittd, 
only  the  'appaieiit  one;  the  true  eipaiiakm  of  flnida  being  only 
feand  on  adding  the  increase^  by  heat^  of  the  contents  of  ilic  ^I'd&a 
vessel  to  the  apparent  expansion. 

At  an  elevation  oi'  temperature  from  0  to  100^,  the  eipanaioa  of 
tiie  fohnie  at  0^^  ia  aa  followa : 

Mercury  •  about  0^018 
Water  .  .  „  0fi46 
Spirita  of  wine  „  0^100 

Oa   .    .    .     „     0,100  nearly. 

Aa  weaea^  the  ca^anaKm  by  heat  ia  awry  eonaideraMe  in  the 

case  of  spirits  of  wine  and  oil,  a  ciicumstauce  that  ought  to  be 
attended  to  in  commerce. 

Moat  Auida  do  not  expand  fcgulaEly  between  0  and  100^.  Thk 
ia  beat  aean  by  eonatmeting^  thetmeinetCBa  of  diifaraat  fliiid%  and 
eomparing  them  with  one  of  mercury.  If,  for  instance,  we  heat  a 
water  thermometer  wliich  has  long  been  exposed  to  a  temperature 
Qi(]P,ii  will  not  immediately  riaei  but  will  iirst  sink,  and  only  begin 
io  xiaa  when  the  temperature  baa  been  raiaed  to  5|^«  If  we  ti^ 
into  aeeoont  the  eqNnaion  of  the  g^aasy  it  wiD  be  Ibimd  that  water 
haa  a  maximum  density  at  4®,  that  is,  at  4P  water  is  denser  than  at 
any  other  temperature.  Water  of  4/^  will  expand  whether  we 
heat  or  ood  it. 

[^irita  of  wine  do  not  expand  regularly,  on  wfaiish  aeeoont 

m  apirit  thermometer  does  not,  at  all  temperatures,  correspond  with 
one  of  mercury. 

Expansion  of  jfCMt. — Gaaea  expand  by  heat  far  more  than  aohd 

expansion  are  the  same 

far  all  temperatures ;  further,  gases  always  expand  in  proportion  to 
the  elevation  of  temperature. 

At  an  elevation  from  0  to  100^,  the  e^qpanaion  of  gaaea  amounta 
to  Oj866  of  their  ?ohmie  at  V. 

INSBrent  mediodB  hafe  been  naed  to  aaeerlain  the  eo-efficienta 

of  expansion  for  gases,  amongst  which,  however,  the  following  is  the 
moat  simple.  A  glass  bulb  is  blown  at  the  one  end  of  a  thin  glass 
tnbc^  aa  aeen  in  Kg.  469,  whik  the  other  end  ia  drawn  to  a  fine 
point.  On  immeraing  the  bolb  in  boiling  water,  in  sodi  a  manner. 
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of  coursej  that  the  point  ahsU  project  tolerably  far  begfood  the 
flnid,  thewwiftbmilwillsodnbelMttodtol^^  and,  mcoB» 
no.  469.     qufloss  of  Him,  wSH  putitiBtf  ssespe  tnm  He  UL 

The  point  must  now  be  closed  over  a  spirit  lamp, 
and  the  bulb  sufiered  to  oool  gradiiA% ;  when  it 
hss  bseoBis  qpils  aold  m  aawt  thi  iassit  pat 
Uie  pomi  inlo  flis  OMmry,  nd  bradc  it  dF^  As 

mercury  will  now  naturally  force  its  way  into  the 
ball,  because  the  air  within  has  been  csitdied  by  the 
pssvioos  heating. 

VwecoolthelMdIloaVbj  neaiN  of  smUsI 
snow  laid  upon  it,  the  mercury  forcing  its  wmf 
in,  will  exactly  fill  the  space  in  which  the  air  re- 
maining in  the  bulb  has  expanded  at  an  elevation  o£ 
IcmpttsUfc  fimi  0  to  100^.  If  w  datemiiis  bj  wmi^  tho 
qamtiltf  cf  BMveury  thsi  hss  flBtasd,  we  shsiD  shtrin  As  weight 
of  the  amount  of  mercury  which  the  whole  bulb  is  capable 
of  containing;  and  thiu^  consequaaily,  we  may  cakidslf  the 


CHAPTER  IL 

CUANG£  OF  THE  STATS  Of  AOOBEGATXON. 

Anon. — ^We  may  easily  see  that  fimoHy  that  ii»  the  transition 
of  a  body  firam  the  solid  to  the  fluid  wmditjon  most  be  a  pheao* 
menon  of  beat,  and  that  no  other  power  in  natmw  but  this  k 

capable  of  producing  a  similar  effect.  We  may  break  ice 
and  reduce  it  to  powder,  and  we  may  expend  every  mechanical 
power  JSftm  it;  but  yet  it  will  not  be  eomested  into  water  utl 
aeted  upon  by  beat  The  ssme  is  the  esse  with  lead,  wax,  te. 
Whether  a  body  be  solid  or  fluid  depends,  therefore,  entirely  and 
solely  on  its  temperature.  At  any  other  distance  from  the  sun 
than  the  one  oeeiqpied  by  it,  the  earth  would  prasoit  a  vhj 
difoent  aspect;  at  a  gieater  appraiiniatioa  to  tfiat  hutiimj 
most  metals  would  be  in  a  constant  state  of  Ausoii,  while  at  a 
greater  distance  from  it  the  sea  would  be  a  solid  mass;  there 
would  be  no  running  water,  and  probably  no  duid^  on  the  ciicukh 
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As  heat  penetratea  and  ezpanda  all  bodieay  Ae  qasttim  mta* 

rally  arises,  whether  all  solid  bodies  are  fusible  ?  In  this  respect 
gieat  differenoea  preaent  thdoselves  amongst  bodieaj  aome  are 
aan^  /wMe,  and  paaa  into  a  fluid  condition  al  oven  a  hm 
temperatDre,  aa,  tost  inrtanoaj  ice,  phoapboroa,  sulphur,  wax,  fat, 
&c. ;  others  again  require  high  temperatures  to  reduce  them  to 
fiiaiont  as  tin,  lead»  &c« ;  finally ^  there  are  bodi^  wUch  only  melt 
at  waj  hif^  lemperatarai^  aa  goU^  iataop  plationim*  No  aoceeni 
kaa  aa  jrei  attended  the  atfeempta  aada  to  ftiaa  diaiaoal^  aKhough 
uiany  natural  philosophers  maintain  that  they  have  observed 
traoea  of  fusion  at  the  edges  of  the  diamonds  submitted  to  experi- 
Judging  from  analogy,  we  must  condnde  that  theva 


Doal 


tely  infiMiUe  boding  and  tliat  all  woold  adi  if  eqpoaed 

to  a  sufficiently  high  degree  of  temperature. 

Organic  bodies  undergo,  for  the  most  part,  a  chemical  dccom- 
potttion  by  the  action  of  heat  before  thqf  are  loduoed  to  a 
•tite  of  foaion. 


On  a  body  passing  from  the  aolid  to  ibe  fluid 
ob8cr\  e  two  remarkable  phenomena.  In  the  first  place,  it  remains 
toUd  op  to  a  certain  fixed  temperature,  which  ia  always  the  same 
for  the  aama  hoij,  and  at  whk^  alone  fiiaion  bigina ;  ud  teemuUg, 
tta  tempeiatnie  doaa  not  ebange  ^mng  haim,  kt  the  amonnt 

of  heat  imparted  be  what  it  may.  Heat  is,  therefore,  absorbed 
dozing  foaion,  and  incorporates  with  the  body  without  producing 
aagr  farther  action  on  the  fieelings  or  on  the  theiniometer.  The 
mmHMUy  of  the  futUm  porni  and  the  dbmpiUm  of  kmmt  kmi 
me  two  essential  conditions  of  fusion* 

The  following  table  gives  the  point  of  fusion  for  different 
aabitances. 

Wrongbt  Bngbdi  inn  •  1600 

SoftFrandiim  .  1600 

The  least  fusible  steel  -       •       .  1400 

The  most  easily  fusible  steel       •  1300 

Onqr  eaat-iHm,  aeoond  smelting  •  1200 

SasOy  foaible  gray  east-iron       •  1060 

Gold   1250 

Silver   1000 

Bronae   900 


9f 
9$ 
99 
99 

99 


Ajotiamky  482 


99 
99 
99 
99 
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Zinc   860  degrees 

Lead   334     „  • 

Bismuth   256 

Tin   230  „ 

Amalggm^  formed  of  5  parte  tin^ 

1  put  lead  ....  194  „ 

Sulphur   109  ,^ 

Amalgam  of  8  parte  binnnth,  6 

parts  lead,  3  parts  tin  .  100  „ 

„       „  4  parts  bismuth^  1 

part  lead^  1  part  tin    .       .  94  „ 

Sodium   ^  M 

PoteBfliiim   $9 

FhoBphoma                         .  48 

Stearic  acid   '  •      •      •  70 

Soft  wax   88 

Yellow  wax       ....  61  „ 

Stearine   49  to  43^ 

Spermacetti       ....  49 

Acetic  acid       •      •      •      •  46  ^ 

Soap   9S  „ 

loe   0  „ 

Oil  of  turpeaitnie       •      •      .  —10  „ 

Mercnry    •       •      •       •      .  — 39  „ 

Latent  heat, — A  considerable  degree  of  heat  is  necessary 
to  convert  ice  or  snow  at  0^  into  water  at  0*^.  The  heat  is 
iatent  in  the  watery  «id  is  alike  imperc^tible  to  the  ^Belinga 
or  to  tiie  thermometer. 


If  lib,  of  water  of  79^  be  mixed  with  lib.  of  snow  of  0^  we 
aball  obtain  21bs*  of  water  of  0^.  All  the  heat,  therefore,  wbidi 

was  oontained  in  the  hot  water^  is  no  longer  to  be  detected  by  the 
thermometer,  having  alone  been  appUed  to  the  purpose  of  convert- 
ing snow  at  O'^  into  water  at  0^. 

If  snow,  or  pounded  ice  at  about  10^  be  mixed  with  common 
salt  at  about  —  10^,  the  two  will  combine  to  form  a  liquid  aolataon 
of  salt ;  and  the  thermometer  will  in  the  mean  time  fidl  more  and 
movBi  owing  to  the  large  quantity  of  heat  that  ia  latent  m  the 
liquefaction  of  two  previously  solid  bodiea.  On  thia  prind^ 
depend  the  so  called  freezing  mixtures* 

If  we  designate  as  1  the  amoimt  of  heat  necessary  to  raise  the 
temperature  of  lib.  of  water  to  1^,  the  amount  of  heat  which 
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beeoBw  tmMnei  or  Mm#  by  the  flnioii  of  lib.  of  mnw  wSl 

be  equal  to  79. 

Heat  is  latent  as  well  in  the  melting  of  ice  and  snow^  as  also 
in  the  fiiaioa  of  other  bodies.  The  foUowing  are  the  values  oi  the 
IsAei^  bent  of  wmnl  bodies  aeoovding  to  IrwM9  estaihtioiis : 

Sulplinr  •  •  .80 
Lead  •  .  .  90 
Wax  ...  97 
aUne  •  •  ,  274 
Tb  .  •  .978 

Bismuth  .  .  .305 
The  signification  of  these  numbers  is  easily  understood;  for 
inohinfft,  os  lib.  of  mow  xeqwes  Ibr  its  fiuion  79  unite  of  beat» 
that  is,  79  times  as  much  heat  as  is  nceesssiy  to  nose  the  temp^ 
raturc  of  lib.  of  water  l^,  SOP  units  of  heat  are  requisite  to  fuse 
lib.  of  sulphur^  and  90^  97^  and  274,  respectively,  for  the  fusion 
of  lib.  of  lead,  was,  or  zinc,  &c. 

As  heat  is  latent  in  the  fbsioiiof  a  solid  boAf,  so  Ukowiae  an 
absorption  of  heat  is  effected  on  a  solid  body  being  dissolved 
into  a  fluid  condition  ;  we  may  easily  convince  ourselves  of  the 
troth  of  this  on  throwing  a  pulverised,  easily  soluble  salt,  as  salt- 
petie,  in  water,  and  promoting  the  sofaitioii  hy  atining;  ihe 
temperatnre  of  the  water  will  fill  several  degrees  during  the 
process. 

Pulverised  glauber  salts,  over  which  muriatic  acid  has  been 
pouedy  give  a  &11  of  tempsratoie  of  -h  10  to  —  17^  C. 
aaU^btOmm.'-^  Oe  tianrition  of  a  body  ftmn  a  And  to  a 

solid  condition,  we  observe  phenomena  precisely  analogous  to 
those  eadiibited  in  the  process  of  fusion ;  in  the  first  place,  it  only 
oeenrs  at  a  definite  temperature  jsonesponding  with  the  fosMm 
point,  and  seeondly,  sD  die  latent  heat  that  had  been  absorbed  hf 
fusion  is  a^in  liberated  on  solidifi cation  taking  place. 

The  phenomenon  of  the  liberation  of  latent  heat  on  the 
aolidificBtion  of  fluid  bodies  was  proved  in  the  following  manner : 
in  the  year  1714  Ishranheit  made  the  observation,  that  nnder 
certain  circumstances  pure  water  may  be  cooled  to  ftom,  IV  to 
12^  without  freezing.  This  may  often  be  noticed  in  the  open  air, 
but  the  phenomenon  can  be  host  ffihihitfd  by  being  careful  to 
eqpoas  the  eooling  water  to  but  an  meonsiderable  pvessore  of  air 
or  vapoiir.  This  may  be  effected  by  making  water  boil  in  a  glass 
tube  that  has  been  drawn  out  into  a  fine  point,  and  sealing 
it  when  we  suppose  that  all  the  air  has  b^n  driven  out  by 
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d»  rtiim  Tbert  will  tbol  attSyiw  stattia  tike  aboPB  tke 
Wto,  idMi  wB  CMwia;  bwt  «a  iiiao«riilf tiHe  degree  dTfraiw 

tt  a  low  temperature.  On  exposing  such  a  glass  tube  as  this  to  t 
tonperature  of  —  12^^  the  water  will  remain  fluid ;  but  when 
Ae  tmmI  b  ihtkeii,  the  mats  of  water  will  suddenly  freeK.  If  • 
IliflraKinietar  lies  ben  ineHted  into  die  intetiog  of  the  dav  tdbc^ 
on  whieh  we  may  be  able  to  diseem  the  lotw  d^ree  of  tempera- 
tore,  standing  at  —  12^^^  we  shall  see  how  the  mercury  will  iustau- 
taneously  rise  to  0"  as  the  water  becomes  sc^kL 

nie  rapidity  with  wbieh  the  aelidiftBitiaa  oeem  midflr  Hmt 
eueumiitMieeiii  and  Ike  rising  of  the  ihflniMNMte^  are  pbenonena 
which  easily  admit  of  explanation.  The  latent  heat  of  the  tir>t 
particles  that  freeae,  passes  over  to  the  next  particles,  which  are 
itiU  fluid*  Thqr  m  eKtvnlf  named,  but  not  waMtiaaOy  ao  to 
biader  their  aididifha^i^ 

tion  and  heating. 

When  solidification  takes  place  at  the  ordinary  freeiing  poiut^  it 
ahraya  oeenra  but  alowlyj  «id  withovt  any  devition  of  tempe- 
ratore*  It,  tot  inatanoe,  wator  Creeae  at  0^,  the  aoIidifieBtioB  will 

generally  b^;in  simultaneously  at  various  points,  and  here  the 
particles  first  soUdified  will  give  off  their  latent  heat  to  the  nei^- 
bouring  paita,  which  wiU  thus  be  maintained  in  a  flnid  oob* 
ditioii  for  a  tm  miamlea  longer.  Thia  ia  the  oauae  «f  ow 
observing  thin  ice  plates,  and  fine  needles  of  iee  difiuung  Uiem* 
selves  in  various  ways  over  the  fluid  mass.  In  this  manner  the 
latent  heat  is  distributed  by  d^rees,  and  were  it  not  for  the  pre- 
^gmmtk  Af  tUa  heaL  the  whole  flnid  nMna  nonUL  on  bahut  eaolad  to 
Ihe  freaabg  tempeiatoie,  nt  onee  beoonM  aoKd. 

Heat  is  also  liberated  every  time  a  fluid  enters  into  a  solid 
eombination  with  another  body.  Thus,  burnt  gypsum  and  burnt 
Km  eonUne  witb  water  to  fbnn  solid  bodieoy  nanaed  bydnlei 
by  die  fhemiato.  Water  paaeaa,  therelbie,  by  thia  eomUaataon 
into  a  solid  form,  and,  consequently,  heat  nmst  be  liberated.  We 
thus  explain  the  intensity  of  heat  occasioned  by  throwing  water 
on  burnt  lime. 

FiBmmiM     «9M«r.*-When  a  flnid  iain  eontaet  wifli  the  air, 

its  quantity  diminiahes  by  degrees,  until  it  whoUy  disappears  after 
a  longer  or  shorter  period  of  time.  The  water  which  covers  the 
aoil  after  rain  cannot  resist  the  action  of  a  dry  wind  or  the 
aanehwn^  but  will  diaqppear,  not  only  beeanae  it  baa  bea 
hnbfted  by  the  earth,  but  abo  beeanae  it  baa  evaporated  in  the 
air* 
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Tke  plMUfliaenoii  of  fmpantitm  goes  on  moie  impidly  on  letting 
water  biml  in  a  flat  didi  orar  the  fire;  in  a  short  time  aU  the 
water  will  have  disappeared^  although  it  has  not  been  absorbed  by 
the  diah.  Uenee^  it  follows,  that  fluids  change  theii  aggregate 
wJiiMi,  hwiwiiinn  iamiMe  aad  eKprniBhto  Vkm  pam,  Wedeng- 
nale  bjr  tl»  fm  cifMnranj  fluid  Ait  kaa  jmmi  teto  a  giaeoiia 
aondition. 

The  erroneous  opinion  long  prevailed  that  vapours  could  not 
oial  hj thcnaflbca  aaiadi;  thii  thsgrtme  dfaaohed  in  the  ahr 
■I  ^  aaana  MMMMT  aa  sate  ie  IB  mler  $  and|  flnaDyi  that  m  order 

to  make  fluids  assume  the  fomi  of  gas,  it  WM  necessary  to  have 
aome  solvent  medium  as  the  air^  like  the  soluble  power  of  water 
to  anki  arit  flnid.    In  osder  to  pvova  the  inooneetiieBa  of  thia 

licir,  and  at  the  same  thne  to  be  aUe  to 
study  the  tme  laws  of  the  formation  of  vapour^ 
we  must  take  care  to  conduct  the  process 
in  a  vacuum.  For  this  purpose  the  Torricellian 
vaentm  ia  admiraUy  well  adapted,  not  only  firam 
its  fiimishing  us  with  a  perfeet  vaenum;  but 
also,  because  the  depression  of  the  moveable 
oolumn  of  mercury  affords  us  a  means  of  mea- 
anring  tiie  aipanaive  fetee  of  vwfoon* 

Let  ua  assume  Aat  we  hm  plaeed  tinree 
Toricellian  tubes  side  by  side  in  a  broad  vessel 
V  v',  Fig.  470^  filled  with  mercury^  the  fluid  level 
will  be  eqpial  mail  time;  if,  hewefer,  bymeana 
idl  a  earned  pipe  we  poor  a  littia  water  into  a 
tube  b*,  it  will  rise  to  the  Torricellian  vacuum,  and 
the  mocury  will  then  instantly  fall  several  milli- 
metres.  This  depteasion  eamiot  be  aseidied  to 
Ike  wdght  of  the  matt  layer  of  water  floating 
en  the  mercury;  and  in  like  manner,  provided 
we  have  taken  water  which  has  been  perfectly  freed  from  air  by 
faoilingy  as  ia  necessary  to  the  success  of  the  experiment,  we  axe 
nahle  to  aieribe  this  deptesiion  to  the  air  liberated  from  Ae 
ivatov    Vapours  nmat  thenfare  have  been  devdoped  in  the 
water,  which,  like  gases,  possess  a  tension  ;  for  these  vapours  act 
precisely  in  the  same  manner  as  if  a  small  portion  of  air  had  been 
swftnd  te  rise  in  the  vaeanm. 

The  amoiuiil  of  depresskm  aftrda  ai  onea  aatandai^ 
measure  the  power  of  tension  in  the  vapour  or  the  steam  of  the 
water*  If  we  assume  that  the  surface  of  the  mercury  i  depressed  by 
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Uw  vipoar  stands  15'"''  lofwcr  4Imb  that «  of  the  other  baiooMtep 
•bofe  whkli  thefe  u  itill  m  perfed  fMuian*  it  wiU  be  dear 

the  vapour  will  press  upon  the  surface  /  with  a  force  equal  to  a 
coluiim  of  mercury  15"*"  in  height.  This  depression  of  IS*""  is, 
therefore,  actually  the  measure  of  the  force  of  teoiioii  of  the  ateam. 

If  we  kid  imt  aD^barie  ether^  Hor  initam^  oraoy  oHMr  flni 
ioatead  ct  water  into  the  third  barometer  tube  h'*,  we  sboiild  have 
observed  a  far  more  considerable  amount  of  depression  than  in 
the  water,  for  at  a  medium  temperature  the  dq^reasion  amouuta  la 
afanoat  half  the  heac^t  of  the  barameter  i,  bom  whidi  it  fiiUow^ 
that  under  theae  dreomalaiieea  tbe  vapoiir  of  edw  baa  a  torn  cf 
tension  equal  to  the  pressure  of  ahuost  half  an  atmosphere. 

Maaeimum  the  force  of  tamm  qf  vapours^ — The  tendency  oi 
npoun  to  eaqpand  ia  eaiiied»  aa  in  gaw^  ad uifimtum;  that  ia  to 
mjp  Ae  enudleat  quantity  of  rwpoar  wQl  difibae  itaelf  throngk 
every  part  of  a  vacant  space,  be  its  size  what  it  may,  exercising  a 
more  or  less  conaiderable  pressure  upon  the  walls.  The  smallest 
quantity  of  water  aa  therefine  mptiile,  in  the  fbrm  of  vapour  or 
ateaniy  of  filling  a  spaoe  of  many  tbooaand  eobie  netiea»  in  the 
no.  471.  same  manner  as  does  tbe  air.  Although  vapours 
have  an  illimitable  force  of  expansion,  their  force  ot 
tension  cannot,  as  in  the  caac  of  gaaess^  be  incxeaaed  at 
will  by  an  iaereaae  of  piaaaaieii  For  to  whatever 
eitent  we  eompveaa  a  given  quantity  of  air,  ila  ekati- 
city  will,  according  to  Mariotte^s  law,  increase  in 
the  same  proportion  aa  ita  volume  diminishes.  On 
attempting  to  eomfeM  vi90ui%  in  order  by  thai 
meana  to  augment  their  elaalieity,  we  aoon  leneh  a 
point  where  the  vapour  condenses^  and  returns  to  its 
fluid  condition*  Ibie  timU  tif  remtance,  at  which 
further  compreaaion  prodnoea  no  inereaaeof  eUutadty 


of  tbe  vifMiV  but  rendera  it  fluid,  ia  termed  the 

mum  of  the  tension  of  vapour. 

In  order  to  show  by  cxpeiniu  nt  this  characteristic 
diSncenoe  betw^n  gaaea  and  vapoura^  the  moat 
appaiatua  ia  the  one  deaeribed  at  page  101> 
oidy  that  ether  ia  put  in  tbe  place  of  the  afar  in  the 
tube  of  the  barometer.  For  this  purpose  the  Torricel- 
lian tube  ia  carefully  filled  with  mercury,  the  air  being 
aa  nmeh  aa  poaailde  removed  by  boiling  or  otter 
na.  If  the  tube  be  thuafilfed  to  tte  height  of  from 
2  centimetres  with  mercury^  the  remainder  of  the 
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ik  Mil  be  filled  ap  witli  ether^  on  which  the  tube  is  inverted 
i— eiiuJ  in  tke  mmA  em.   The  etlMv  immediitdy  n^B, 
imiioii  ifwiMiitng  fluid  while  the  other  is  evaporated  in  the 

vacumii,  which  occai>ions  a  depression  of  the  column  of  mercury, 
ll;  for  instance,  the  column  n  8  has  only  a  height  of  400°^,  while 
Ik  woold  be  7dO~  in  beig^t  if  Hmt  ncfe  a  monm  ebove,  then 
kttiiesertensioner  the^vpoor  of  elfaer  ieeqiM^  K 
iDowwe  pres3  the  Torricellian  tube  cc*  more  deeply  into  the  tube 
k  c,  fUificl  with  mercoxy  in  order  thus  to  diminish  Uie  space  iilled 
mih  fftfoaat  of  edMr,  we  ahall  pemive  thai  the  wanmej  eohmn 
m§  mmina  quile  imdianged*    If  there  is  sir  instead  of  eth«r 
l^apour  in  the  upper  part  of  the  tube,  we  know  that  when  the 
Ivolame  of  incUided  air  is  diminished  by  being  pressed  down,  its 
jehstiGitjr  al^  incmsei^  so  that  the  height  of  the  mereuy 
oinni  in  the  baraneter  deeieasesy  (page  101.)   Here  the  ease 
'n  quite  diflSeient  with  regard  to  vapoiur,  for  the  volmne  of 
the  vapour  of  ether  will  be  diminished  without  the  elasticity 
being  inoeased,  the  height  of  the  eolanin  n  •  remaining  the 


The  more,  however,  that  we  press  the  tube,  the  more  does  the 
quantity  of  the  ether  increase,  the  diminution  of  the  space  occupied 
by  the  ether  saponr  acting  in  such  a  manner  that  a  portion  of  the 
fqpov  ia  9igm  eondenaed  to  flnid  ether,  whOst  the  remaining 
fS|Mnnr  doea  not  ehange  ito  foree  of  tenshm.   If,  therefor^  we 
compress  the  space  filled  with  the  ether  vapour  to  4*  iy  or  },  &c., 
it  I,  or  ^       of  the  vapour  will  likewise  be  condensed.    If  wc 
euttlmne  to  prns  down  the  tobe,  we  shall  soon  reach,  a  point  at 
whUk  all  Ae  vaponr  wiD  be  condensed,  so  that  there  will  be  only 
tluid  ether  over  the  column  of  mercury;  it  is,  however,  extremely 
di^kolt  iaHj  to  remove  every  globule  of  vapour,  as  the  ether 
ahngfa  contains  sbsorbed  afar. 

(kk  again  raisbg  the  tnbe,  the  cohnnn  of  mercury  wil  always 
retain  the  same  height,  n  8,  whilst  the  fluid  layer  of  ether  will 
continually  diminish :  showing  that  vapour  re-forms  immediately 
i^ipin  to  fill  the  enlarged  space,  end  reaches  the  maximum  of  the 
power  ef  tension.  li^  howem,  we  only  put  a  little  ether  into  the 
tnbe,  and  raise  it  sufficiently  to  let  all  the  fluid  escape,  the  ifter- 
curj'  will  also  ascend  on  continuing:  to  raise  the  vessel ;  the  ether 
vapour  is  consequently  no  longer  at  the  maximum  of  the  force  of 
tensBOB,  and  will  eihibit  eiaetly  the  same  rebtionB  aa  a  gas  on  a 
ftntter  incnaee  of  its  fdnme. 
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MoMHiirwt^  o^  tk^  ^Smm  a/  Afliiioii  tA  OM  MMOiiflttr  ktMi&i 
—We  may  oanly  oohtuioc  oiumIvm  of  tlM  mpoiimt 

exercised  by  the  dcprrce  of  temperature  on  the  maximum  tension 
of  vapours,  by  observing  the  inequality  in  the  depreasioii  of  the 
baoramotar  tiibo  ^t»ng  tlio  abovo^nuBod  oiyctimapt^  wImh  oob- 
dnotad  aft  diABrait  tem|Mrat«TCa.    Far  inataioey  nitt  edier  M 

we  obtain  only  a  depression  of  180""*,  whilst  it  amounts  to 
680^  at  30  degrees.  Phenomena  which  are  ever  present  before 
na  Ibmiab  w  with  many  pm£i  of  tbe  troth  of  tbi^  Thevapoar 
of  wait^,  aa  it  ia  ftrmed  upon  die  aarfbee  of  rifcra  and  khea,  hm 
only  an  inconsiderable  degree  of  tension ;  but  when  water  is  made 
to  boil,  the  force  of  tension  of  the  steam  is  so  sreat  as  to  be  able 
to  aqo^oiae  the  pressure  of  tho  atanoaphcre,  whikt  at  a  atill  hig^wr 
tcmparatnie  thia  tenaon  angmeata  to  aoA  •  degree  aatooooaM 
the  most  fearful  explosions  in  the  boilers. 

We  may  conjecture  from  this  what  the  maximum  of  the  tension 
of  steam  may  be  in  a  qpaee  whkdi  is  unequally  heated  in  dife- 
rent  parte.  Aoeotdmg  to  iba  oondilknio  of  the  eqnilibnam  of 
gaaeooB  bodiea,  the  steam  most  have  an  equal  degree  of  tensioii  aft 
all  parts  of  this  space ;  and  as  the  force  of  tension  of  the  steam 
cannot  be  so  great  at  the  cooler  aa  at  the  warmer  parts,  it  is 
evident  that  the  tension  of  the  vqpoor  must  be  the  aame  thnwg)i» 
out  the  whole  apaee  aa  at  {he  coMeot  plaeea;  Aaty  eoiiaeq[Mntly, 
the  vapour  cannot  at  the  warmer  parts  reach  the  maximum  of  the 
force  of  tensioa  correqxmding  to  the  higher  temperature. 

Thia  principle  mqr  be  rendered  qqptrent  by  ibe  help  of  the 
apparatus  (Fig.  472.)   Two  glasa  bidhi,  «  and  ft,  each  eomuang 

a  little  ether,  are  connected  by  a  tube  c,  a  second 
curved  tube  d  passing  through  the  cork  that 
cloaes  b.  If  now  thec^er  in  a  and  b  be  broughi 
to  the  boiUng  point,  (which  ia  beit  cAeled  by 
plunixln*^  the  tube  into  hot  water)  the  vapour  w3l 
escape  through  the  tube  d,  carrying  away  the  air 
from  the  apparatus.  We  now  plunge  the  lower 
endofthetubeifineveaael  fiOed  vrith  meRMrfv 
removing  the  sources  of  heat  by  wbidi  tte  ctter 
has  been  made  to  boil ;  a  and  b  will  then  iinnie- 
diately  be  cooled  down  to  the  temperature  oi'  the 
Wj  anironndii^air^thefbioeof  tension  of  the  va^poir 
in  the  apparalua  will  diminish  to  a  deflnis 
degree,  and  the  mercury  consequently  rise  to  a  definite  height, 
dependant  upon  the  temperatuire  of  the  surrounding  air.   If  w€ 
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plunge  one  bulb  into  snow  or  some  fiaemg  mizturey  tbe  mer- 
cury will  forthwith  rise  as  high  as  if  both  bulbs  had  experienced 
tbe  same  degree  of  coobng. 

EstimaU^  tkefane  oftmrim^  ike  ttifmrvf  water, — Different 
kindaaf  if|MMtaihm  bm  appliedto  tiie  purpoae  of  determining 

the  force  of  tension  of  steam,  according  as  we  wish  to  caksolate  it 
for  a  temperature  between     and  100^,  below  0"  or  above  100^. 

Uie  lyparatna  represented  in  Fig.  473  is  need  for  temperatures 
m  49a.  farying  between  0^  and  100^.   It  consista  of  two  baio- 

T meter  tubes  immersed  side  by  side  in  the  same  vessel; 
the  first  of  these  tubes  forms  a  complete  barometer,  and 
in  the  sec<Mid  there  i%  above  the  mercury,  a  little  water, 
whidi  forms  a  little  vapoor  in  tiie  vaenum.   'fte  two 
tubes  are  plunged,  by  means  of  an  iron  rod,  into  a  suffi- 
ciently deep  glass  vessel ;  this  vessel  is  quite  filled  with 
via.  474*  water,  which  may  be  warmed  to  any  temperature 
we  please  between  0*  and  lOOP.  Tbe  temperature 
of  ibis  water,  wfaidi  may  be  determined  by  pro- 
perly applied  thermometers,  is  at  the  same  time 
that  oi  the  two  barometers  and  of  the  steam  in 
the  one.   In  order  to  obtain  the  degree  of  daa- 
ticity  of  the  steam  corresponding  to  each  degree 
of  temperature,  we  have  only  to  determine  in 
what  relations  the  depression  of  the  steam  baro- 
meter stands  to  the  height  of  the  column  of  mer- 
cury in  the  perfeet  bavnneter. 

The  following  method  may  be  adopted  for  mea- 
suring the  force  of  tension  of  steam  above  lOO''. 
A  wider  vessel  is  fixed  into  a  tolerably  long  glass 
tube,  Fig.  47^  somewhat  in  the  same  manner  as  the  cistecn  of  a 
barometer;  tbe  longer  and  shorter  tubes  are  both  open  at  the  top. 

On  poui'iug  in  mercury,  it  will  of  course  rise  equally  high  in  both 
tubea.  The  fluid  to  be  tested  is  then  poured  upon  the  mercury  in 
Ae  wider  tnb^  and  after  bong  kept  up  to  the  boiling  pomt  for 
same  time  after  alt  the  air  haa  been  expeDed,  the  tube  is  seakd. 
If  we  put  the  vessel  into  a  thud,  the  temperature  of  which  is  above 
the  boilmg  point  of  the  enclosed  fluid,  vapour  will  be  formed, 
wfaich  presses  upon  the  mercury  (in  the  vessel)  causing  it  to  rise 
in  the  hmg  tiAe.  The  difoenee  of  the  mercury  level  in  the 
▼essel  and  the  tube  indicates  how  mndh  the  power  of  tensiott  of  the 
vapour  exceeds  the  amount  of  the  pressure  of  the  atmo^here. 
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The  apparatuB  is  £uteiied  to  a  graduated  stem,  both  for  the  pur- 
jjpoae  of  being  able  to  meaauie  the  heSght  to  whieh  the  oolumn  of 
mercory  ia  niaed,  and  alao  to  protect  the  tdbe  from  being  strode 
or  broken.  If  the  tube  be  long  enough,  we  may,  by  means  of  this 
apparatus,  measure  the  tension  of  steam  at  3  or  4  atmospheres. 

In  order  to  be  able  to  measure  higher  tensions,  we  need 
only  fuse  together  the  ascending  tube,  so  that  a  definite  quantity 
of  air  may  be  inclosed  in  it.  When  the  steam  in  the  veaMl 
drhrea  the  mefcmy  into  the  tube;,  the  indoied  air  beoomea  eom- 
praaedy  and  we  may  eadly  compute  the  foiee  of  tenaitm  of  the 
ateam  by  the  difiievence  in  ^height  of  tiie  two  aorfiwea  of  mefcory^ 

The  following  tables  contain  the  mAYiirniTn  of  the  force  of  tension 
of  steam  for  different  temperatures : 


Force  of 

Pressure  upon 

Degrees. 

tension  of  steam  in 

1  square  centimetre 

millimetres. 

in  kilogrammes. 

0 

5 

0,007 

10 

9 

0,013 

20 

17 

0,023 

30 

30 

0,042 

40 

53  ^ 

0,072 

50 

89 

0,126 

60 

145 

0,196 

70 

229 

0,311 

80 

352 

0,478 

90 

525 

0,714 

100 

760 

1,033 

Force  of 

Prestnre  vpm 

OnmpoBdiiig 

1  square  ocBtinietifr 

tension  in 

Taapeiitmm. 

ezpcHBsd 

atmospheres. 

ia  Ukgnmnei. 

1 

100 

1,03 

2 

121 

2,07 

4 

145 

4,83 

6 

160 

6,20 

8 

172 

8,26 

10 

182 

10,33 
15,49 

15 

200 

20 

215 

20,66 

25 

226 

25,82 

30 

236 

30,99 
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We  see  from  these  tables,  that  at  the  temperature  of  the  boihng 
pointy  the  force  of  tension  of  steam  equipoises  the  pressure  of  the 
atmosphere.  This  is  universally  true :  the  force  of  tension  of  the 
vapour  formed  from  any  boilkig  liquid  is  always  equal  to  tlie 
pressure  on  the  surfiuse  of  tlie  liquid;  for  if  it  were  less;,  the 
vapour  eould  not  remain  in  the  interior  of  the  liquid  in  the  form 
of  bubbles,  and  if  it  were  more  considerable  the  vapour  must  have 
been  previously  formed.  The  vapours  of  all  liquids  have  an  equal 
force  of  tension  at  the  boiling  point.  Dalton  was  of  opinion  that 
the  f<ffce  of  tension  must  be  equal  at  an  equal  number  of  degrees 
above  or  below  the  boiling  point;  it  would  only  be  neoessary, 
therefeirei  aooording  to  thia  law«  to  have  a  table  for  the  foiree  of 
tension  of  saturated  steam^  and  to  know  the  boiling  point  of  a 
liquid,  in  order  to  ascertain  the  force  of  tension  of  the  vapour  at 
any  temperature.  The  boiling  point  of  alcohol,  for  instance,  is  78'^, 
the  force  of  tension  of  the  vapour  of  alcohol  at  113^,  that  is,  35® 
above  the  boiling  point,  must  be  equal  to  the  force  of  tension  of 
steam  at  135^^  which  is  2280™"^  or  8  atmospheres.  According  to 
thia  law,  the  force  of  tension  of  the  saturated  vapour  of  alcohol  at 
0^  would  be  equal  to  19"*,  because  this  is  the  force  of  tension  of 
steam  at  a  temperature  78^  below  the  boiling  point  of  water. 
From  the  experiments  of  many  natural  philosophers  it  is  evident, 
however,  that  this  law  is  not  correct. 

The  force  of  tension  of  vapour  increases,  as  we  see,  in  a  £eur  more 
rapid  ratio  than  the  temperature;  that  is  to  say,  a  definite 
elevation  of  temperature  producea  a  for  greater  increase  of  the  iam 
of  tension  at  Idgh  than  at  low  degrees  of  temperature.  Thus, 
while  an  elevation  of  temperature  from  to  121*  (that  is, 
about  2V)  increases  the  force  of  tension  of  steam  about  1  atmo- 
sphere ;  it  will  increase  at  an  elevation  from  126^  to  236^  (that  is, 
at  only  \Qf*  more)  about  5  atmospheres,  consequently  between 
226P  and  236^,  an  elevation  of  temperature  of  only  flf^  would  suffice 
to  raise  the  force  of  tension  of  steam  to  about  1  atmosphere. 

There  are  two  reasons  for  the  increase  of  the  force  of  tension  at 
an  increasing  temperature.  Let  us  suppose  some  enclosed  spaee 
to  be  filled  by  steam  at  100^,  that  is,  with  a  vapour  whose  force  of 
tension  equals  1  atmosphere,  and  that  there  is  no  more  water  in 
this  space,  it  being  entirely  precluded  from  ingress.  If  now  the 
temperature  of  this  space  be  raised  121^,  the  vapour  will  strive  to 
expand,  and  since  it  will  not  be  able  to  do  so,  its  force  of  tension  will 
increase,  although  not  much ;  the  vapour  will  then  be  no  longer  satu- 
rated, but  quite  in  the  condition  of  a  gas.   If,  however,  there  still 
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icnain  anjwitar  in  this  qpM^  tfaflOy  in  consequence  of  the  inemK 
of  tempentoCy  anevr  qaiBtityof  ytspm  vill  beibnnad  cf  1  «taM- 

pherc ;  if,  then,  the  force  of  tension  increases  by  1  atmosphere,  the 
vapour  will  become  deuser,  wheu^  in  consequence  of  its  greater 
dennty,  it  will  exereiM  s  greator  pKMnze. 
1  coinc  indi  cf  wite  yieUi : 

1700  cubic  inches  of  saturated  steam  at  100^ 
807        „  «  „  121 

207         „  „  „  182 

There  are  hqnidi  whoae  boiiing  painfta  lie  bdknr  the  cra^ge 

temperature  of  the  air,  and  such  bodies  can  of  come  ikH  beeona 
liquid  under  ordinary  circumstance's,  being  at  the  usual  tenipera- 
Uut,  and  the  usual  pressure  of  the  atmosphere,  iu  a  gaseous  fonn^ 
audi  gasea  must,  thfiiefiiKey  be  compieased  and  cooled^  inovderlo 
become  liquid.  Thus,  for  intianee,  we  find  solphiircNia  acid  at 
—  10^,  and  when  rciulcrcd  liquid  uiulcr  pressure  in  a  glass  tube, 
its  vapours  exert  a  pressure  of  about  5  atmospheres.,  even  at  25^. 

Cvanoffcn  asaa.  ammoiua*  carbonic  acid*  also  adaiit  af 
being  condensed  into  liquids  by  comprearion  and  eooKng.  Tkt 
vapour  of  liquid  carbonic  acid  has  at  0"  a  force  of  tension  of  36^ 
and  at  30^  a  force  of  tension  equal  to  73  atmospheres. 

The  Steam  Engine, — Steam  haa^in  more  recent  times^  aa  WBafl 
know,  been  need  aa  a  monng  fores;,  and  it  ia  owing  to  iht  intro^ 
duction  of  the  steam  engine  that  industr^^  and  general  intercourse 
among  men  have  made  such  rapid  advances.  Passing  by  the 
oldor  forma  of  this  machine^  we  will  at  ones  enter  iqpon 
conaideration  of  Watts' ateam  engfaie.  ISie  cylinder  ^  ia  nwda 
air-tight  below  as  well  as  above,  so  that  the  atmospheric  air 
cannot  pass  on  either  side  upon  the  piston  C.  The  steam  which 
ia  conducted  firom  the  boiler  throng  the  tube  Z  of  the  engini^ 
entara  the  cylinder  altemately  at  JB  and  JD.  We  sliaD  pteaiitfy 
enter  fully  into  the  manner  in  which  this  alternation  is  ])ruducLti. 
In  the  position  of  the  engine,  as  seen  in  our  figure,  the  steam 
enters  above  at  E,  The  steam  in  the  lower  part  of  the  cylinder 
eseapea  at  D,  in  order  to  readi  the  condenaer  Tthrongh  the  pipe 
H,  and  is  there  condensed ;  the  steam  })resscs  above  upon  the 
piston  C,  while  below  it  there  is  a  rareded  space^  the  piston  there- 
fore is  in  the  act  of  descending* 

TbB  cimdwuaatkm  of  the  steam  in  the  cylinder  on  the  one  aMecf 
the  piiton  takes  places  by  the  latter  being  brought  into  commtioo 
with  the  above-mentioned  condenser;  this  is  the  space  marked 
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J,  being  connected  either  with  the  lower  or  the  upper  part  of  the 
cylinder.    Cold  water  is  constantly  poured  into  the  condenser, 

PIG.  475. 


and  a  condensation  of  the  steam  thus  effected ;  but  by  this  means, 

in  accordance  with  the  principles  illustrated  by  Fig.  472  (page 

450),  the  force  of  tension  of  the  steam  is  diminished  in  that 

part  of  the  cylinder  which  is  connected  with  the  condenser ;  the 

steam  then  passes  from  the  cylinder  into  the  condenser,  to  be 

there  condensed. 

Many  contrivances  have  been  proposed  for  making  the  steam 

enter  the  cylinder  alternately  from  above  and  below,  whilst  the 

steam  escapes  from  the  other  side  of  the  piston  towards  the 

condenser.    The  simplest  of  these  arrangements  is  the  cross-cock. 

This  is  perforated,  as  seen  in  Fig.  476.    The  tube  K  leads  to  the 

boiler,  C  to  the  condenser,  O  to  the  upper,  and  U  to  the  lower 

part  of  the  cylinder.    If  the  cross-cock  be  placed  in  the  position 
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Tio.  476.  Fio.  477.       as  seen  in  Fig.  476,  the  steam  will 

flow  from  the  boiler  into  the  upper 
part  of  the  cylinder,  whilst  its  under 
part  is  connected  by  the  tubes  U 
and  C,  with  the  condenser.  When 
the  piston  has  penetrated  far  into 
the  cylinder,  the  cross-cock  is 
brought,  by  a  half  a  revolution,  into  the  position  seen  in 
Fig.  477.  Now  the  tubes  K  and  U  are  connected,  the  steam, 
therefore,  enters,  escaping  from  the  upper  part  of  the  cylinder 
through  the  tubes  O  and  C  towards  the  condenser ;  now,  there- 
fore, there  must  be  an  upward  directed  motion  of  the  piston. 

The  cross-cock  has  not  proved  to  be  applicable  to  larger 
engines,  owing  to  the  impossibility  of  making  the  channels  of  the 
oock  wide  enough  to  admit  of  the  passage  of  the  requisite  quantity 
of  steam.  The  sliding  valve  is  now  most  generally  made  use  of,  it 
is  applied  to  the  engine  we  have  delineated,  and  is  represented  in 
Figs.  478  and  479,  in  its  two  extreme  positions,  being  drawn  on  a 
FIO.  478.  FIG.  479.       ^arge   scale.     The  steam  passes 

through  the  tube  ^  to  a  re- 
ceiver, from  which  the  tubes  D 
and  E  lead  to  the  cylinder. 
This  receiver  is  divided  into  two 
separate  spaces  by  means  of  the 
slide  F,  The  middle  portion 
m  of  the  receiver  is  quite  shut 
off  from  the  upper  part  afy  and 
the  lower  part  a,  whilst  these 
two  spaces  are  themselves  con- 
nected by  the  cavity  of  the 
slide.  The  steam  now  flows  from 
the  boiler  into  the  qrace  m, 
the  spaces  a  and  a  remaining 
connected  with  the  condenser. 
If  the  sliding  valve  have  the 
position  of  Fig.  478,  the  steam 
will  flow  from  m  through  the  commimication  E  from  above,  into 
the  cylinder ;  while  the  steam  passes  under  the  piston,  through 
that  of  D  to  fl,  and  from  thence  to  the  condenser.  If,  however, 
the  sliding  valve  lie  in  the  position  represented  in  Fig.  479,  the 
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Fio.  480. 


wffl  flow  from  fli  iboiigh  D  from  bekm  hn 
ttetm  abofe  Hie  piitoii  will  pen  tlufoogh  B  towardi  Vi  md 

from  thence  through  the  slidiug  valve  to  a,  and  finally  reach  the 
condenser. 

The  ebdiiig  lAn  ham  been  wfteeeuied  in  Fig.  480,  ae  noi  m 

Hit  OntHiaa  at  Zj  m  oidar  Aai  we 

may  form  to  ourselves  a  perfectly 
correct  idea  of  its  construction.  The 
■umoer  in  which  ihe  slide  is  drawn 
up  and  down  the  meddne,  wiO 
presently  be  fnrther  considered. 

The  condenser  Fig.  475,  stands 
in  a  receiver  partly  filled  with  cold 
witer,  cciiitiTit^  flowing  'into  the 
eondeoiar  from  an  opening  not  tib- 
ble  in  our  figure.  The  quantity  of 
the  water  entering^  may  be  increued 
or  dimimahfid  at  wiBt  bj  means  of 
a  eodc  The  water  is  pmnped  owt 
of  the  condenser  by  the  pump  K, 
As  is  well  known^  more  or  less  air  ia 
ahfsfa  absorbed  in  all  water,  tUa  ia 
liberated  in  the  boiler,  and  passes, 
together  with  the  steam,  througli  the 
engine  into  the  condenser.    In  the 

the  cold  water  flowing 


iner,  air  will  be  disengaged 
into  the  eondenaer.  Ihe  ateam'will  become  condensed,  whBe  die 

air  win  remain  in  a  gaseotis  condition.  This  air  would,  by  degrees, 
accumulate  in  the  condenser,  and  thus  prevent  the  creation  of  a 
on  the  f>ne  side  ctf  the  piston,  if  it  were  not  at  the  aame 
earned  off  by  the  pump  wUeh  haa  on  that  aeeomit 
reeeived  Ae  name  of  an  ovT'fjuntp, 

By  mekns  of  this  pump,  the  water  is  carried  from  the  condenser 
into  the  receiver  R,  horn  which  it  is  almost  entirely  dischaiged  by 
Ae  tahe  &  Hw  heat  iriudi  waa  htoit  by  the  efajporatiqn  of 
the  water  m  Ae  boiler,  is  again*  Kbersted  by  Ae  eondenaalion  of 
the  steam  in  the  eondenser ;  this  liberated  heat  raises  the  tempera- 
ture of  the  coU  water  thrown  into  the  condenser  >  the  water  carried 
through  Ae  punp  K  towarda  R  ia  thereHore  warm,  on  which  ae» 
eonntit  ia  more  advantageons  than  eold  water  for  feeding  the  boiler. 
The  water  required  for  the  boikr  passes  through  the  tube  3f  to  a 
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panp^  liliiok  min  il  Oum^^  Tkw  pump,  m  «d 

die  air  pump,  is  pot  into  moCioii  hf  Ae  engine  itodf)  tm 

instance,  the  pump  rod  L  is  attached  to  the  beam,  and  is  raised 
the  piston  C  descends,  and  is  pressed  down  as  the  latter  ascends, 
mien  thepkloiiof  the  mm  weterpmnp,  ettached  to  the  rod 
nM,  the  raetkni  vabs  v  opoM^  and  at  the  deaeont  of  die  pialQa» 
the  valve  n. 

On  the  other  side  of  the  beam,  exactly  behind  2/,  there  is 
another  pump  rod,  through  which  cold  water  ia  raiaed  into  the 
tobe  Z%  and  faraiic^t  through  U  into  the  reemr  ecnftaining  Ae 
oondenaer. 

Let  us  now  consider  how  the  upward  and  downward  motion  id 
the  piston  C  is  transmitted. 

Tlie  piston  rod  movea,  air  and  atean  ti^^  throng  the  alafb^- 
hoK  in  Ae  middle  of  die  upper  eover  of  die  cylindm;  being  con* 
nected  with  the  end  of  the  beam  by  a  system  of  moveable  rods,  bear- 
ing the  name  of  the  paraUelogram,  The  object  of  this  contrivance 
iamer^  to  eatahliah  s  pecbedj  ^ertieal  motion  of  the  piataii  rodL 
wUdi  eonU  not  be  eArted  if  die  rod^  or  handle,  were  finAnei 
directly  to  the  end  of  the  balancer ;  since  it  would,  in  that  casi*, 
deviate  alternately  to  the  left  and  right,  and  consequently  so  much 
affeet  the  staffing-boo^  that  the  aur4i£^itne8a  would  soon  be 
deatioijfed* 

The  one  end  of  the  working  beam  is  alternately  diawn  up  and 
down  by  the  piston,  while  its  other  extremity  has  constantly  an 
opposite  motion;  that  is  to  aay,  when  the  piaton  C  riaes,  the  right 
arm  of  the  beam  goes  down,  and  mm  mnL  The  npwnrd  and 
downward  motion  of  the  beam  is  constantly  changed  into  a 
circular  motion  by  the  connecting  rod  P,  and  the  crooked  handle 
Q.  The  axis  of  this  handle  is  the  main  axis  (tf  the  machine 
which  ia  to  be  aet  in  m/6aa,  and  aroond  thia  aos  mora  the  1^ 
wheel  JiT. 

The  motion  of  the  piston  C  is  very  irregular.  As  it  comes  to  a 
state  of  rest  at  the  upper  and  lower  end  of  the  cylinder^  and  ihes^ 
leraaea  ita  motion,  it  ia  efideni  that  it  canMl  peiAinn  its  eouae 
widi  nmfiorm  teloeity.  Ita  vdocity  is  greatest  when  it  paaaea  Ike 
middle  of  the  cylinder,  and  diminishes  the  more  it  approaches 
either  end.  On  considering  the  motion  of  the  handle,  we  shali 
find,  that  with  nnifarm  vdosity  of  levohition,  die  motion  in  a  ra^ 
tical  diveetion  ia  stiD  very  changeable.  The  handle  atanda  in  a 
horisontal  position  when  the  piston  C  is  in  the  middle  of  the 
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tyhskder,  at  which  luoment  the  motion  of  the  handle  is  in  a 
wtietl  diieelMn  ;  thw  aMi^^ 

the  piston  C  tttains  its  highest  or  lowat  poHtioii.  The  wtical 

portion  of  the  motion  of  the  handle  is  perfectly  similar  to  the 
motioa  of  the  piston,  in  proportion  as  the  motion  of  the  handle 
bewies  move  liorisonftaly  the  ydomky  of  the  piston  diniiiisbes^ 
without  si^  dfaniimtkm  in  ihe  fit^^ 
handle. 

The  diameter  of  the  path  traversed  hy  the  handle  is  of 
eome  espial  to  Uie  heii^  of  the  cjUnder^  allewiDg  ftr  the 
tUdmess  of  the  piston^  provided  that  both  arms  of  the  beam 

are  of  equal  length;  the  length  of  the  arm  of  the  handle  Q  is, 
therefore^  equal  to  half  the  length  to  which  the  pistou  can  be 

HBSeil* 

The  fly-wkml  X  serfea  to  manitam  imifiifmity  in  tiie  iMtioB 

of  the  engine.  Even  if  the  pressure  of  the  steam  upon  the 
piston  were  quite  invariable,  it  could  not  equally  contribute  to 
Ike  levohtion  of  the  hsadk  in  all  its  positions.  Indeed,  we 
mKf  eonwdfr  the  piiissuie  aeting  hf  means  cf  die  eonneeting 
rod  P  upon  the  handle,  as  divided  into  forces  at  right  angles  to 
each  other,  the  one  acting  in  the  direction  of  the  handle  itself, 
as  pressure  upon  the  axis  does  not  contribute  to  prodoeerevolutian; 
Ihia  ia  bfooght  aboot  entirety  by  the  fime  acting  tangentially  to 
the  curve  of  the  handle.  The  amoont  of  these  forces  varies  at 
every  moment.  A\Tien  the  arm  of  the  handle  stands  vertically, 
emy  pressure  proceeding  from  the  piston  acts  solely  and  akne  aa 
inijswue  iqpon  the  ana  of  the  curved  handle*  If  the  engine 
were  to  be  brought  to  a  stand-stiU  in  this  position,  the  greatest 
pres5^ure  applied  to  the  piston  would  be  unable  to  set  it  in 
motion ;  the  only  reason,  therefore,  that  the  engine  does  not  remain 
ahaohitelj  motionless  on  eoming  into  this  position  is,  that  the 
individnal  parts  of  the  engine  eontinae  tiieir  motion  bj  virtoe 
of  the  inertia,  in  the  same  manner  as  a  pendulum  moves  on  by 
virtue  of  its  inertia  when  anived  at  its  position  of  rest.  When  once 
eorved  handle  has  passed  its  vertical  position,  that  portion  of 
the  intissme  tnnimitted  by  P,  and  wUdi  ooeaskmsdilieiievcdatiim 
of  the  handle,  is  increased  more  and  more,  and  attains  its  maodmum 
when  the  arm  of  the  handle  is  directed  horiaontally.  The  force, 
therafose^  whieh  turns  the  handle  vaaes  constant^,  becoming  null 
twice  daring  one  complete  refointion,  both  when  the  arm  of  the 
handle  attains  its  highest  and  its  lowest  position ;  and,  in  like 
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maimer^  it  twice  attains  a  maziiiuiHi.    If  we  examine  the 
prodaoed  by  ao  variable  a  tanb,  we  AmU  eaaQy  aee  Ikaefc  k 

only  be  alternately  aeoekmled  and  letaML   If  die  cmle  repie> 

sented  in  Fig.  481  oxlnbit  the  path  described  by  the  handle,  we 
no,  481.  *bali  perceive  that  an  acceleratioD  of  motioii  will  take 
]daee  from  b  to  d,  becanae  hm  the  maringtam 
will  aet  with  the  gieateat  energy.  The  motion  nees* 
mulated,  as  it  were,  in  the  parts  of  the  machine 
'  must^  however^  diminiah  as  the  ana  of  the  handk 
mofea fromif  to ^  beeMuieflie  mofingimekMk 
Ae  mean  time  beeome  veiy  wc«k|  and  eten  ahaohitely  noD^  and 
thus  a  retardation  is  eansed  of  motion  by  these  hindcrances ;  on 
the  way  from  /  to  A  it  ia  a^^  accelerated,  and  again  retarded 
from  h  to  6. 

Theae  altcRiationa  in  die  motion  of  the  curved  handle  lie  in  tte 

nature  of  things^  and  cannot  be  wholly  avoided.  The  diflcrencee 
between  the  greatest  and  the  least  velocity  become,  however, 
amaller  in  proportion  to  the  magnitude  of  the  inert  maaa  to  be 
moved;  by  meana  of  a  awffiwently  large  balance  wheel,  we  may 
render  theae  fKHisffeneea  in  the  velocity  of  levidutRni  ao  inconnde* 
rably  small,  as  to  exercise  no  further  injurious  influence.  The 
force  acting  on  the  part  from  b  U>  d,  and  more  strongly  from.  /  to 
km  cannot  efect  any  marked  inereaae  of  veloeity,  aa  it  mnal  move  e 
very  oonaiderable  inert  maaa ;  as,  however,  a  conaidenlile  qum&y 
of  motion  is  accumulated  in  the  balance  wheel,  the  decrease  in  the 
quantity  of  motion,  as  the  handle  paaaea  from  d  to  /,  or  from 
&  toii^  ianot  anftaently  great  to  oreatinn  a  pareiptible  dimiai^ 
tion  of  velocity. 

Tlie  balance  wheel  thus  equalises  the  irregularity  of  motion 
inherent  in  the  arrangement  of  the  engine.  The  work  which  a 
ateam  engine  may  have  to  perform,  be  it  of  what  kind  it  may, 
never  oppoaea  an  abaolntdy  muform  reaiatanee  to  the  moving 

force ;  and  this  would  occasion  irregularity  in  the  working  of 
the  whole  engine,  were  it  not  otherwise  rendered  uniform  by  the 
balance-wheel. 

Aa  the  work  to  be  performed  by  the  engine,  that  ia,  the  reaia> 

tance  to  be  overcome,  increaaea  or  diminishes,  the  going  of  the 
engine  will  become  quicker  or  slower.  Momentary  disturbances 
of  thia  kind  will  be  equalised  by  the  balance  wheel,  while  an 
nniveraal  diminution  of  the  reaiatanee  and  the  load  would  be 
followed^  provided  the  aflnz  of  ateam  remained  the  aame,  by  a 
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continually  increasing  acceleration  in  the  motion  of  the  engine. 
In  order  that  the  velocity  may  not  exceed  certain  limits,  a  valve 
must  be  attached  to  the  steam  pipe^  in  order  that  the  ingress  of 
steam  may  be  more  or  less  retarded,  according  as  the  valve  passes 
more  and  more  from  the  horizontal  position  (that  of  perfect 
aperture),  to  the  vertical  (that  of  perfect  closure).  The  turning  of 
this  valve  must,  however,  be  effected  by  the  engine  itself,  and 
this  is  done  by  means  of  an  apparatus  termed  the  regulator, 

A  somewhat  tense  string  t  passes  round  the  rotating  axis  of 
the  balance  wheel  over  a  vertical  wheel  o.  Fig.  482,  in  such  a 


no.  482. 


manner  that  the  wheel  o  is  made  to  rotate  by  the  revolution  of  the 
principal  axis.  A  vertical  conical  wheel  is  fastened  to  the  axis  of 
the  disc  o,  whose  teeth  work  into  a  similar  wheel  placed  hori- 
zontally, and  which  is  thus  made  to  rotate  on  its  vertical  axis. 
This  axis  is  prolonged  into  a  rod,  to  the  upper  end  of  which  the 
conical  pendulum  V  is  attached. 
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The  pendulum  V  consists  of  two  heavy  balls  so  fastened  to  the 
upper  end  of  the  vertical  rod  that  by  its  rapid  rotation  the  balls 
fly  apart,  owing  to  tlidr  ceninfugal  fovoe.  The  rods  to  which  the 
balls  m  attadied  aie  eomieeted  by  meuii  of  a  nnl  k  uummnii^ 
tile wtiealvdL  Tlw int  A  Is n^aed iqp  as  aoon  as  the baDe fly 
apart ;  and  by  tins  motioii  of  k  tbe  angular  leyer  r  •  a  is  turned 
round  the  axis  s,  the  rod  a  b  drawn  towards  the  right  side,  by 
which  the  angular  lever  h  c  d  turned  round  the  axis  c,  and  the 
rod  e  d  thus  finally  drawn  down ;  but  as  c  is  the  extreme  point  of 
a  lever  arm,  the  rotating  axis  of  which  is  the  axis  round  which  the 
▼ahe  mores  in  the  tube  Z,  the  yalye  is  closed  by  this  point  e 
being  drawn  down.  The  whole  lever  system  of  idiich  we  have 
been  speaking  here  is  only  represented  in  outiine  in  our  Figure^ 
it  being  placed  on  the  front  side  of  the  engine,  and,  therefore,  i 
really  not  visible  from  the  point  of  view  in  our  sectional  deliuea-  | 
tion  of  the  engine. 

The  working  of  the  cross-cock,  or  the  raising  and  lowering  of 
the  sliding  valve,  in  short,  the  motion  of  the  apparatus  which 
serves  to  conduct  the  steam  altemately  to  the  nqpper  and  kwer  i 
part  of  the  cylinder  must  be  effected  by  the  engme  itself.  The 
instromait  by  whidi  this  motion  is  produced  is  designatdl  the 
governor. 

The  most  important  external  portion  of  the  governor,  is  the 
eccentric  disc,  indicated  in  our  Fig,  482  by  the  letter  This  is  a 
circular  metallic  plate  fastened  to  the  axis  of  the  Hy-wheel,  whoee 
central  point  does  not,  however,  correspond  with  the  central  point 
of  revolution,  as  may  be  more  plainly  seen  in  Eig.  488.  Boring 


riG.  483. 


every  revolution  of  the  aids  the  cratral  point  of  the  eccentric  disc 

describes  a  circle.  A  ring  passes  around  the  circumference  of 
the  eccentric  disc,  prolonged  towards  the  one  side  into  a  rod, 
whose  end  fits  at  T  into  a  lever  arm  revolving  round  a  tixed  axis  F. 
The  distance  of  the  centre  of  the  eccentric  disc  firam  T  vaiiea,  as 
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the  lever  arm  F  T  passes,  and  returns  to  the  position  seen  in 
Fig.  48^4",  during  each  entire  revolution  of  the  main  axis ;  the 

no.  484. 


chord  of  the  one  described  in  this  manner  by  the  point  T  is, 
however,  evidently  equal  to  the  diameter  of  the  circle  described  by 
the  central  point  of  the  eccentric  disc. 

The  axis  of  F  passes  through  the  whole  width  of  the  machine, 
as  may  be  plainly  seen  in  Fig.  485,  where  this  axis  is  represented 

at  its  full  length.  To  this  axis  are 
attached  two  perfectly  equal  and 
parallel  lever  arms  Ny  on  either  side 
of  the  receiver,  in  which  the  sUding 
valve  is  inclosed.  Fig.  483  exhibits 
only  one  of  these  in  its  true 
form,  while  both  are  seen  fore- 
shortened in  Fig.  485.  To  each  of 
these  lever  arms  a  vertical  bar 
directed  upwards,  is  secured,  being 
connected  at  the  top  by  a  horizontal 
transverse  bar  Q,  supporting  in  its 
centre  the  bar  R,  to  which  the  sUding 
valve  is  attached.  This  rod  passes, 
air  and  steam-tight,  through  a  stuff- 
ing-box into  the  receiver  of  the 
sliding  valve.  The  motion  of  the 
lever  N  produces,  by  means  of  the 
rods  M,  an  alternate  raising  and 
lowering  of  the  transverse  rod 
by  which  the  sliding  valve  is  also  raised  up  and  down. 

Let  us  now  consider  the  influence  exercised  by  the  removal  of 
the  condenser.  If  the  steam  act  on  the  one  side  of  the  piston 
with  a  force  of  tension  of  one  atmosphere,  while  the  part  of  the 
cylinder  lying  on  the  other  side  is  in  connection  with  the  air,  and 
not  with  the  condenser,  the  pressure  of  the  steam  on  the  one  side 
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of  Ae  piiton  wiU  be  eqmdto  thepwMute  oi  the  utiwrngkentmr  m 
Ike  aOMot  «da^  andt  eooMquentily,  ihflve  cut  be  no  motioii*  bi 

order  to  produce  this^  it  is  necessary  to  raise  the  force  of  tenskxi 
of  the  steam.  Provided  this  have  been  made  equal  to  the 
prcirore  of  two  atmospheres,  the  e&ct  will  be  precisely  the 
same  as  if  there  were  a  faeamn  on  the  one  side  of  the  |Hatai, 
while  the  steam  pressed  upon  the  other  aide  with  the  force  of 
tension  of  one  atmosphere ;  the  half  of  the  effective  power  of  the 
steam  being  thus  lost  in  overcoming  the  resistance  of  the  air.  If 
the  moving  steam  had  aetoally  a  Ibfoe  of  tenakm  equ^  8^  4^  5» 
fee.  atmospheres^  \,  or  -j-^  fee.  ef  this- power  woold  be  lost  in 
overcoming  the  resistance  of  the  air  if  there  were  no  condenser. 
The  greater,  therefore^  the  force  of  tension  of  the  steam  acting 
in  the  engine^,  the  less  will  be  the  loss  of  power  in  over- 
eoming  almoB|dieBe  rssislanee  when  tiiere  is  no  eondeaaer.  If, 
tlierefore,  the  steam  that  is  to  move  the  engine  has  only  a  force 
<^  tension  equal  to  one  atmosphere,  or  but  a  little  more,  a  eon- 
denser  will  be  indispensably  necessaiy ;  i^  however,  the  foiee  of 
tension  of  the  effective  steam  he  grater,  the  engine  may  aet 
without  a  condenser,  the  advantage  of  which  will  diminish  in  pro- 
portion to  the  increase  in  the  force  of  tension  of  the  moving 
steam.  The  resistance  which  has  to  be  overcome  in  the  moving 
of  the  eondensiiig  pomp  (air-pomp),  eKhenata,  however^  nlao  a 
portion  of  the  power  of  the  steam.  Thm,  at  a  certain  amonnt  of 
steam  pressure  the  advantages  afforded  by  the  condenser  are 
again  counteracted  by  the  resistance  of  the  air-pump;  and, 
eonseqnently,  in  this  eaae  it  is  qnite  immaterial  whether  or  not 
we  nae  a  oondenser.  In  enginea  worked  by  steam  of  stiD  stronger 
force  of  tension,  the  condenser  is  more  disadvantageous  tbiui 
the  contrary,  and  in  such  apparatus  it  is,  therefore,  whoUj 
omitted. 

Sach  steam  engines  as  are  wedced  with  a  condenser  ere  ealled 

bw  pressure  engines,  while  those  that  have  no  condensers  are 
termed  hi^h  pressure  engines. 

.  Hi^^  pressnse  enginea  are  more  simple  in  dMor  constmction 
than  those  of  low  pressoxe,  owing  to  die  abaenee  of  a  ofmAmaw 

and  air-pump,  and.  the  former  may  be  used  of  much  smaller 
dimensions  than  the  latter,  and  yet  produce  the  same  result ;  for 
the  combined  pressure  of  steam  having  a  force  of  tension  equal  to 
4  atmosphersa  actuig  npon  a  snrftee  of  1  aqinare  ibot^  ia  as  fpmt 
as  the  combinad  prsasmw  of  steam  with  a  Area  of  Isnainpi  equal  te 
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1  atmosphere  acting  upon  a  surface  of  4  square  feet.  Prom  these 
cauaea^  high'  pressure  engines  are  used  wherever  it  is  deairabk  to 
ute  an  engme  of  ooniiderabk  force  in  ft  amill  oomptM. 

One  <rf  the  best  knoiwn  and  moat  intereating  high  piumt 
engines  is  the  Locomotive  used  on  railroads.    See  Fig.  486. 
A  is  the  furnace  :  the  fuel  is  thrown  upon  the  grate  through  the 
opening  a,  wUdi  may  be  ekiaed  by  a  door*  There  ia  no  eaeape  for 
the  heated  air  firom  the  ftnrnaee^  eouepting  through  a  aeriea  of 
horizontal  tubes,  leading  from  A  to  D ;  from  D  the  heated  air 
passes  with  the  smoke  out  at  the  chimney.    In  Fig.  487  we  aee 
how  these  tubes  he  above  and  beside  eaeh  othor.  Theae  tobea  an 
canned  duongfa  a  space  filled  with  water,  beaidea  whidi  llie 
furnace  itself  is  enclosed  on  all  sides  by  water.    From  the  extra- 
ordinarily large  surface  with  which  the  water  is  in  this  manner 
farougfat  into  contact^  a  oonaiderable  quantity  of  steam  ia  formed 
at  erery  moment.  The  steam  ia  colleeted  over  the  water  in 
the  space  marked  B  and  C ;  and  from  C  it  is  carried  through 
the  tube  c  to  the  cylinder.    If  the  mouth  of  the  tube  c  were 
situated  very  low  down^  a  large  quantity  of  water  would  by  the 
▼iolont  boilhig  be  mechanically  carried  into  the  tube  e,  and  from 
thence  into  the  cylinder.    To  prevent  this,  the  steam  chamber 
at  C  is  elevated.    The  tube  c  soon  branches  ofl'  into  two  tubes 
d  and  d',  as  may  be  plainly  seen  in  Fig.  489.    In  Fig.  488  them 
ia  only  one  of  theae  tubea  yiaiUe^  via.       Each  leads  to  a  veoeiver 
i,  from  which  the  steam  euters  the  cylinder  K   On  either  side 
lies  a  cylinder  as  seen  in  Fig.  489;  Fig.  488  exhibits  only  one,  viz., 
the  front  one  of  these  cylinders.    It  is  represented  lengthwiaB 
here,  the  am&ce  of  the  aeetion  doea  not,  however,  eomspood  wiA 
the  whole  of  the  remaining  figure,  but  Hea  in  front  of  it  Hie 
cylinders  lie  horizontally,  and  the  piston,  together  with  the  piston 
rods,  passes  backwards  and  forwards  in  a  horizontal  position.  Two 
paasagea  ran  to  either  end  of  the  cylinder  from  the  leoemr  i,  to 
which  the  steam  is  conducted  by  the  tubes  t  and  dL   On  the 
lower  side  of  the  receiver  t,  a  slide  moves  backwards  and  forwards, 
and  forms  at  the  middle  a  box  o  which  opens  downwards.  The 
position  indicated  in  Fig.  486  shows  bodi  passagea  doaed  by 
meana  of  thia  aUde.  If  we  suppose  tins  to  be  so  for  moved  to 

the  left,  that  the  passage  to  the  left  instead  of  being  closed, 
opens  into  the  cavity  o,  that  to  the  right  wiU  be  brought  into 
connection  with  the  steam  reservoir  t ;  in  this  position  of  the  tHit 
the  ateam  wiU  enter  on  the  right  side  into  the  cylinder  and. 
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oonaequently,  drive  the  piston  to  the  left^  whilst  the  steam  wili 

pass  from  the  left  side  of  the  piston  through  the  passage  to  the  left 
into  the  box  o,  and  from  thence  to  the  chimney  through  the  tubes 
p  and  q.  If,  however,  the  slide  were  pushed  to  the  fullest  extreme 
towards  the  right,  the  steam  would  flow  fromt  through  the  passage 
to  the  left  into  the  cylinder,  escaping  on  the  other  sideto  the  right 
through  the  passage  into  the  box. 

The  piston  rod  is  secnredby  so-called  emmeeUf^  rad$,  that  ia^  it 
is  prevented  by  this  means  from  deviating  from  its  coarse,  and  is 
thus  only  able  to  pass  to  and  fro  in  the  same  straight  line.  To 
the  piston  rod  is  immediately  attached  the  driving  rod,  which 
tarns  the  crank  n  round  its  axis  m.  The  niiddle  wheels  of  the 
engine  are  also  farttmed  to  the  axis  m,  so  that  by  each  movement  of 
the  piston,  a  complete  revolution  of  the  wheel  is  effected ;  thn%  at 
every  forward  and  backwwd  movement  of  the  piston,  the  engine  is 
propelled  a  distance  equal  to  the  dFeomfeveDoe  of  the  middle 
wheels. 

To  thi*^  ftyiw  m  is  likewise  attached  the  eccentric  disc,  by  which 
the  slide  in  the  receiver  t  is  moved.  As  may  be  seen  in  our 
Figure,  the  x  shaped  extremity  of  the  rod  fastened  to  the  nog 
of  the  eocentric  disc  grasps  the  upper  part  of  the  lever,  wlioee 
fulcrum  is  at  t.  By  the  motion  of  this  lever,  tiie  ban  i 
fastened  to  it  are  moved  to  and  fro,  and  with  them  the  slide. 

By  the  raising  of  the  lever  A^,  the  x  shaped  extremity  of  the 
bar  is  pressed  down,  and  a  retrograde  motion  thus  imparted  to  the 
locomotive,  but  here  we  must  end  our  description,  as  we  are 
unable  to  pursue  it  in  detail.  H  and  L  are  aafisty  vidva^  /  ia 
the  steam  whistle. 

The  efieet  whidi  a  steam  engine  is  capable  of  prodneing,  that  is^ 
the  power  of  the  maddne,  depends  upon  the  quantity  of  water 
which  in  a  given  time  can  be  converted  into  steam  in  the  boiler ; 
let  us,  therefore,  examine  into  the  action  which  a  litre  of  water 
can  produce  when  converted  into  steam.  If  we  assume  that  the 
sur&ce  of  the  piston  is  1  square  decimetre,  and  the  height  of  the 
cylinder  (the  height  to  which  the  piston  can  he  raised)  is 
10  deeimeties,  the  eontente  of  the  cylinder  will  be  10  cobie 
decimetres,  or  10  litres ;  in  order,  therefore,  to  drive  the  piston  to 
the  top,  10  litres  of  steam  must  pass  frt>m  the  hofler  into  the 
cylinder.  If  now  the  steam  has  a  force  of  tension  equal  to 
1  atmosphere,  the  pressure  exercised  upon  every  square  centi- 
metre of  the  surface  of  the  piston  is  about  1  kilogramme^ 
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nd  tiie  eonSbiiied  pigiwue  upon  llie  wbdb  piston,  oonasqiieiitly, 

100  kilogrammes ;  if,  therefore,  there  existed  no  impediments  to 
motion^  we  might  load  the  piston  with  100  kilogrammes,  and  this 
wtit^tA  would  be  lifted  10  deeuneliety  if  we  condiicled  10  btm  of 
itani  at  lOQP  into  die  cylinder.  The  efltwtj  dmefore,  that  can 
be  produced  by  10  litres  of  steam  at  100^,  is  capable  of  raising 
100  kilogrammes  to  the  height  of  10  decimetres,  or  of  raising 
1000  kilogrunnwB  to  a  heifjbt  of  1  deeimetre.  A  litre  of  water 
yieidB,  however,  1700  litm  of  iteam  at  lOOP;  with  1  litre  of  water, 
therefore,  when  converted  into  steam,  we  may  produce  an  effect 
capable  of  raising  170,000  kilogrammes  to  the  height  of  1  dedmetre. 

In  order  the  better  to  calenlate  the  power  of  an  cDginei  it  ia 
naaal  to  eoupaie  them  with  kone^wer.  U  we  aaeiime  that  one 
horae  is  able  to  raise  750  kilogrammes  to  the  height  of  1  deci- 
metre in  one  second  of  time,  (the  best  observations  on  the  labour 
of  horses,  and  the  profitable  a{qplioatiaB  of  their  powers,  yield 
a  reaoh  equivalent  to  the  above^^aamed),  we  should  say,  that  an 
ngine,  in  which  snffleient  steam  was  formed  every  seeond  to 
raise  750  kilogrammes  to  the  height  of  1  decimetre,  (or  534  lbs. 
to  the  height  of  1  foot,)  was  a  one-horse  power  engine, 

Bni  the  steam  obtained  bom  1  titre  of  water  will  be  capable  of 
ndafaig  170,000  Idlogrammea  to  the  height  of  1  decimetre ;  if, 
therefore,  1  litre  of  water  be  converted  into  steam  iu  the  boiler 

170  000 

in  ■         ,  consequently  in  226  seconds,  the  total  effect  which 

die  steam  in  tliia  engme  can  prodnoe,  is  equal  to  oM-kone  power. 

A  machine  of  this  kind  consumes,  thcrelbre,  about  15  Utres  of 
water  in  an  hour. 

All  the  mechanical  power  of  steam  cannot,  however,  be  reckoned 
aa  available*  Much  is  hwt  owing  to  the  piston  not  aetmg  in  an 
abadhite  vacuum,  to  the  friction  of  the  piston  to  be  overcome,  and 
the  number  of  pumps  that  must  be  set  in  motion,  &c.  All  these 
resistances  diminish  the  available  effect  of  the  machine  to  almost 
the  half  of  the  calculated  power. 

Great  advantage  has  been  obtained  in  the  high-pressure  engines 
by  the  application  of  the  expansion  of  the  steam  in  the  cylinder, 
which  is  effected  by  cutting  off  the  afflux  of  steam  from  the 
boiler  into  the  cylinder,  when  the  piston  haa  traversed  or 
I,  fee.,  of  its  course.  That  a  greater  ^ect  can  he  produced  with 
an  equal  expenditure  of  steam  by  the  application  of  the  principle 
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of  ezpoiBioii^  may  be  peiceived  by  the  foUowing  aim]^  eoiMide^ 

ntioiie. 

If,  during  the  whole  time  in  which  the  piston  is  rising,  steam 
poan  into  the  steam  cylinder^  (as  is  generally  the  caae  in 
ordiDary  enginea),  having  a  powor  of  tenaion^  irbkk  we  iril 
aaaiune  to  be  equal  to  2  atmoephem,  the  whole  eyUnder,  wliea  Aa 
piston  is  quite  raised,  will  be  tilled  with  steam  having  a  power 
of  tension  equal  to  2  atmospheres ;  and  during  the  time  the  piston 
ia  being  raised,  there  will  be  a  mufhaiiiral  eAet  pEodneed,  which 
we  win  demgnate  as  B. 

If  now  we  suffer  steam  uf  double  the  force  of  tension,  that  ia, 
equal  to  4  atmospheres,  to  enter  the  cylinder,  the  pressure  agamst 
the  piston  will  be  twiee  aa  great,  and  the  mechanical  effect  M 
will  be  produced  when  the  piston  ia  only  half  raised;  that  ia, 

when  it  reaches  the  middle  of  the  cylinder.  If  at  this  moment 
the  further  afflux  of  steam  to  the  cyUnder  be  prevented,  the 
piston  win  ecmtinne  the  rest  of  its  eonrscy  whilst  the  pressure 
acting  upon  it  will  <lintmiA  by  degreea  to  the  half;  and  mhm  it 
reaches  the  end  of  its  course,  the  force  of  tension  of  the  steam 
will  still  be  equal  to  2  atmospheres. 

Since  during  the  first  half  of  the  ascent  of  the  piston,  the 
meohanical  eflfoct  E  ia  abeady  produced,  then  the  whide  cftet 
which  the  steam  produces  during  the  aeeond  half  of  the  piston'a 
ascent  while  so  expanding,  that  its  tension  diminishes  from  4  to  2 
atmospheres,  may  be  considered  as  gain ;  for  the  quantitf  of 
steam  fiUing  the  cyhnder  at  the  doae  of  the  piaton'a  motion  la 
preciseiy  as  large  aa  if  steam  having  a  force  of  tension  of  % 
atmospheres  had  flowed  in  while  the  piston  was  completing  its 
motion. 

The  steam  is  generally  cnt  off  by  meana  of  a  qpecial  coipaB- 
sion-slide.   In  ordinary  madiinea  tiie  steam*  flowa  from  the  boiler 

directly  into  the  chamber,  in  which  the  sliding  valves  move,  to 
admit  of  the  entrance  of  the  steam,  first  to  the  one  and  then  to  the 
other  side  of  the  piston;  we  will  call  this  chamber 

In  expansion  enginea  there  ia  naoaHy  in  front  of  fliis,  anodier 
chamljer,  b ;  in  the  plate  between  b  aud  a  there  is  an  opening, 
through  which  the  steam  passes  from  b  to  a ;  this  opening 
be  closed  at  the  proper  times  by  a  second  slide  at  b.  The  motikm 
of  this  eqwnsion-BUde  ia  efifocted  by  a  properly  placed  eeecBtnc 
disc  in  the  same  manner  as  the  motion  of  the  sliding  valves. 
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The  mmmm  of  fluidi  into  gaBeons  bodies  is  ocmmonly  tenned 
evaporation.    Liquids  can  either  be  eraponted  by  boiling,  when 

vapours  are  formed  throughout  the  whole  mass,  or  by  exhalation, 
when  the  fofmation  of  vapour  is  limited  to  the  surface  of  the 
liqiiid. 

On  observing  the  boiling  of  a  liquid,  we  gencrtdly  see  a  more  or 
less  energetic  motion  pervading  all  the  particles ;  but  if  the  liquid 
be  boiled  in  a  glass  vessel^  we  may  observe  bubbles  of  steam 
formed  si  tke  warmer  sides  of  the  vessel  and  rise  to  the  top. 
Alttough  at  first  smaD,  they  soon  inerease  in  volume  as  they  rise. 
The  bubbles  succeed  each  other  most  rapidly  at  the  hottest  parts 
of  the  side.  In  order  that  bubbles  may  be  formed  in  the  liquid^ 
which  eierrisea  a  pressoie  upon  them  fiom  aQ  sidesy  the  steam 
czpandnig  them  mast  have  a  fbree  of  tension  equal  to  the  pressure 
surrounding  them.  The  first  condition  of  boiling  is,  therefore, 
that  the  temperature  be  sufficiently  high  to  enable  the  force  of 
tenaioii  of  the  steam  to  sustain  the  pressure  acting  from  all  sides 
upon  the  bubbles  of  steam.  A  second  condition  is,  that  sufficient 
heat  be  present  to  be  absorbed  as  latent  heat  during  the  formation 
of  steam. 

From  the  first  condition^  it  follows  that  the  boiling  point  of  a 
liquid  varies  with  the  pressure  on  it;  and  £rom  the  second^  that 

the  rapidity  of  boiling  depends  on  the  amount  of  heat  which  can 
be  conveyed  in  a  given  time  through  the  sides  of  the  vessel  to  the 
liquid. 

At  the  level  <rf  the  sea,  and  at  the  mean  pressure  of  760^^ 
pure  water  bo3s  at  100^;  on  tbe  summit  of  Mont  Blanc,  at  an 

elevation  of  4775  meters,  where  the  pressure  of  the  atmosphere 
amounts  only  to  41 /"'^^  water  boils  at  a  temperature  at  which  the 
finree  of  tension  of  steam  is  417"" ;  that  is,  at  about  At 
stiD  greater  elevations,  water  would  boil  at  lower  temperatures. 
If  we  have  a  table  of  the  force  of  tension  of  the  vapour  of  a 
liquid,  we  may  easily  find  the  temperature  of  the  boiling  point 
at  a  given  pressure;  for  it  is  the  same  degree  of  temperature 
at  whieh  the  foroe  of  tension  of  the  saturated  vapour  is  equal  to 
that  pressure.  We  may,  conversely,  bring  a  liquid  iit  any  given 
temperature  to  the  boiling  pointy  by  sufficiently  diminishing  the 
pKOBure. 

At  a  pressure  of  80^,  for  instance,  the  boiling  temperature  of 

water  is  30'^,  because  at  this  temperature  the  force  of  tension  of 
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the  saturated  steam  is  dO""".  Under  a  pressuie  of  10™  vata 
boflt  «l  IP,  and  imdar  a  |a<— irc  of  6"  at  0^. 

30^  must  be  put  in  a  glass  vessel  under  the  exhausted  receiver  of 
the  air-pump :  after  a  few  strokes  of  the  piston  the  barometer  guage 
will  iheir  a  pmima  only  of  80^,  and  the  boiliiig  will  then  bqpb 
wiA  ike  Mine  eneigy  as  if  tlie  water  stood  in  tiie  open  air  oivier  a  1^ 
fire.  This  boihng,  however,  will  soon  cease,  because  the  receiver 
will  be  filled  with  steam,  which  will  press  upon  tbe 
anodier  stroke  of  tbe  piston  wiU  soon  icao««  ihia  steoB^  and 
die  boiling  to  veeomnMnee.  It  is  not  possiUe  in  our  sir-pomps 
to  make  water  boil  at  0'^,  as  no  rarefaction  of  50""  can  be  pro- 
duced, owing  to  the  co&tiniial  re-formation  of  steam  on  the  suilace 
of  the  water. 

In  the  q^parstos  seen  in  lig.  480^  we  obssrve  an  analogous, 

m.  490.  but  still  more  striking  phenomenon.  A  balloon 
with  a  long  neck  a  is  half  filled  with  water ;  when^ 
by  the  boiling  of  the  liquid  all  the  air  has  been 
dmoioQty  the  node  is  eloaed  by  a  eori^  wad  the 
balloon  inverted,  as  seen  in  Fig.  490.  When  left  to 
itself  we  perceive  no  ebullition,  but  as  soon  as  cold 
water  is  poured  upon  the  part,  the  water  b^ina  to 
boil  with  energy.  This  is  owing  to  ih^  steMi 
being  condensed  in  the  upper  part  ci  the  baDoon, 
and  the  pressure  on  the  hquid  being  thus  dimi- 
nished. 

Tbe  Ysiiations  in  the  boiling  point  hacfa  bem 
confirmed  by  direct  eaqperiments  made  at  elevated  dishrida  m  tibs 

Alps,  the  Pyrenees,  and  other  mountain  ranges. 

Boiling  water  is  consequently  not  equally  hot  at  ail  places  on 
iheearihj  and^  therefore^  not  evocywhere  alike  q^heaUe  to 
purposes,  and  the  prcparstion  of  fix>d.  At  Qnihv  ftr  ini 
water  boils  at  90^,  and  this  temperature  is  too  low  for  boiling 
loany  substances  which  require  a  temperature  of  100^. 

As  the  barometer  constantly  nones  at  one  and  the  same  plaee, 
it  follows  that  the  boiling  point  vsries  also* 

If  we  increase  the  pressure  on  fluids,  we  find  that  their  ebuDitMin 
is  retarded,  and  we  may  even  prevent  this  entirely  if  we  make  the 
pressnre  wiflSeiently  strong.  This  is  the  case  with  the  qqpsntea 
known  by  the  nsme  of  Pigm's  2)^P«ilor,  see  Fig.  401.  BymeaBaef 


Digitized  by  Google 


m  MooMovmi. 


478 


491,       tim,  wite  vmj  be  haatad to  afory  high  tempera- 
tore  widKml  boiling.   The  apparatus  consists  of 

a  cylindrical  vessel  of  iron,  or  still  better,  of  brass 
or  copper^  the  ftidea  of  which  are  oapaUe  of  aua- 
taiaing  a  eonaiderable  d^gvee  of  pmame. 
The  opening  is  provided  with  a  aalbty-valye^  which 
can  be  closed  and  loaded,  so  that  it  shall  require 
a  pressure  of  from  40  to  50  atmospheres  to  raiae 
it.  ItoiUng  ia  Modend  inqpoaaiU^  aa  the  ateam 
wUch  ia  above  the  liquid  ia  vnaUe  to  escape,  and 

consequently  exercises  a  sufficiently  strong  pressure  to  prevent  it. 
As  soon  aa  the  valve  is  opened,  the  steam  iasues  with  great  iorce ; 
the  taaqpaMtae  of  the  veaael  hlk,  hammBt,  aimnltanfoaalyj  aa  all 
Ae  lieat  whieh  had  been  eombined  ia  given  off  at  onee  by  the 

energetic  formation  of  steam. 

This  digestor  was  invented  in  the  middle  of  the  17th  century  by 
P^fkh  *  IfliBBfld  muk,  reaiding  at  Marbwg  and  CasaeL  It  acvved 
ibr  •  Buiber  of  lemaikaUe  eipennenta^  partly  to  prove  the 

mechanical  force  of  steam,  and  partly  to  show  the  solvent  force  of 
water  when  heated  above  100".  People  learnt  with  astonishment 
that  aa  nutntioaa  a  anbstance  might  be  dram  from  bonea  aa  from 
tiie  Mat  juicy  portiona  of  the  mnicle. 

On  causing  water  to  boQ  in  a  vessel  from  which  the  steam  can 
only  escape  through  a  proportionately  small  opening,  we  observe 
ma  elevation  of  the  boiling  point.  All  the  steam  that  haa  been 
ftamied  by  the  heat  paaaing  every  moment  into  the  liquid  can  only 
escape  through  a  small  opening,  if  a  greater  rapidity  of  motion 
has  been  imparted  by  the  greater  force  of  tension  of  the  steam. 

Not  only  the  steam  pressing  upon  the  surface  of  a  liquid  maaay 
hot  likmae  the  weight  of  the  eofamm  of  liquid  aetaiqpo^ 
ticles  in  the  interior.  If,  for  inatance,  we  had  a  boiler  filled  to  a 
height  of  32  feet  with  water,  a  pressure  of  2  atmospheres  would 
aet  upon  the  bottom^  and  heret,  conaequently,  ateam-bubUea  would 
be  fimed  at  a  temperatoie  of  121^.  Bat  aa  the  tempefatore  of 
the  liquid  maaa  on  the  auffhee  eannot  riae  above  100^,  the  liquid 
will  constantly  ascend  from  the  bottom,  owing  to  its  lesser  specific 
wei^^t.  As  the  pressure  decreases  with  the  ascent,  ateam-bubbles 
ane  fiiffmedr  but  their  temperatmw  decreaaea,  however,  bom  12P 
to  100^.   Thcae  bobblea,  whieh  are  formed  at  the  bottom  of  the 

vessel,  increase  in  size  as  they  rise,  owing  to  the  pressui'c  acting 
upon  them  becoming  continually  leas.   Theac  phenomena  may  be 
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obMmd  erai  in  imall  TMwlfly  in  whiA  the  water  only  aianwiito  to 
icfr  mcfifji  IB  deptn.   jjciotc  penecf  euiiiuuoii  dsb  docd.  on* 

blished,  bubbles  of  steam  are  formed  at  the  bottom ;  which,  hcwr- 
ever^  are  condenfled  on  their  aacending,  owing  to  their  entenog  ' 
Iqpn  of  woter  whooe  tempenture  k  too  km*  Honee  aiim  tte 
pffwlmr  ooond  wUdi  wo  peroen^  wnno  nmuteo  bofim  |icifcct 
boiling  has  commenced.  On  making  the  experiment  in  a  glass 
bulbj  we  may  observe  how  babhka  are  foixned  at  the  bottouiy  hov 
they  aaoend,  and  then  diwypeor;  and  we  thai  My  the  water  laijrf. 
TUa  ttnging  ia  a  sign  that  the  water  will  aoon  bo  m  a  alatoof 

perfect  ebullition. 

Boiling  is  likewise  retarded  by  substances  which  are  dissolved  in 
the  water ;  thna  a  aatoiated  aolatkm  of  cnntmnn  aalt  fatine  boib  at 
108,4^a8oliitumofaaltpeCio  at  110^  a  aatmled  aohtion  of  ace- 
tate of  potass  at  169  *,  of  nitrate  of  ammonia  at  180'\ 

EwgiH/ratum  is  the  term  applied  to  the  formation  of  vapour  on 
the  ftoo  anifroe  of  a  liqind;  whilst,  as  we  have  seen,  ebuUiiim 
oonaiata  m  ?«poar  being  formed  in  the  inlefior  of  the  liqind  naaa. 
Water  evaporates  from  the  surface  of  rivers,  lakes,  and  seas,  and 
the  surface  of  the  damp  ground  and  plants.  The  vapour  has  here 
evidently  too  inoonaiderable  a  force  of  tension  to  overoone  the 
presaoxe  of  the  atmoqphcrie  air.  Daily  observation  ahom  m 
that  vapour  is  formed  at  every  degree  of  temperature,  and  diat  it 
distributes  itself  through  the  air  even  at  the  weakest  degree  of 
tenaion.  It  was  formerly  assumed  that  a  chemical  a£biity  eabated 
between  the  moleeoka  of  the  air  and  those  of  vapour  waa  the 
cause  of  this  phenomeoon  f  we  have  seen,  however,  tkat  Aero  is  no 
need  of  having  recourse  here  to  chemical  forces.  The  steam  of 
water,  be  its  iaret  of  tension  ever  so  inc^msiderable,  mixes  with  the 
air  the  same  aa  two  gaaea  mix.  The  only  condition  neeeaaary^dMrn- 
fore,  for  the  evqxMration  of  a  liquid  is,  that  the  sanDonding  layors 
of  air  be  not  saturated  with  vapour ;  as  further,  in  the  mixture  of  two 
gases,  the  molecules  of  the  one  form  a  mechanical  impediment  to 
the  di^botion  of  those  of  the  other,  the  air  aota  aa  a  Undennee 
in  evaporation  to  the  raind  dispersion  of  the  vapour.  In  •  fm» 
fectly  calm  atmosphere,  therefore,  evaporation  goes  on  very  slowly, 
whilst  it  progresses  rapidly  in  an  agitated  state  of  air,  the  liquid 
then  eomea  eontinnally  into  contact  with  new  layers  of  air,  that  aie 
not  satorated  with  vapour.  Hence  it  happenaAat  water  evqpotates  j 
very  quickly  when  a  dry  wind  is  in  rapid  motion. 

Latent  heat  of  vapours. — When  a  liquid  evaporates^  it  must 
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alwoffb  Imt ;  tins  abmbed  heat  is  as  imperceptible  to  the  feelings 

and  the  tLernioiiicter  as  the  heat  which  becomes  latent  by  fusion. 

That  heat  is  latent  in  the  formatioa  of  vapour^  is  proved  by 
the  tsnpflntine  of  the  hqpai  ranaimiig  unehaaged  dming  ebulli- 
tkm.   The  temperatoie  ot  boiling  water  remaiiia  at  100^,  howevor 

much  we  may  increase  the  fire  :  all  the  heat  which  is  added  to  the 
boiliiii;  water  serves  only  to  convert  water  at  100^  into  steam  at 

Ihe  absorptkm  of  heat  during  the  evaporation  of  Uqnidi  may 

easily  be  rendered  perceptible  to  the  feelings.  On  pouring  but  a 
few  drops  of  an  easily  evaporable  Uquid,  as  spirits  of  wine, 
mlphiirie  ether,  &e.,  upon  the  hand,  we  eiperienoe  a  aenaatkm  of 
eoU  beeaoie  the  hand  has  been  deprived  of  the  heat  drawn  away 
for  the  evaporation  of  the  liquid.  If  we  surround  the  bulb  of  a 
thermometer  with  cotton  wool^  and  then  moisten  the  latter  with 
eolphuric  ether^  the  thennometer  will  fall  several  degrees. 

AfUst  having  learnt  to  know  the  manner  in  whieh  heat  beemnea 
latent  in  the  formation  of  vapour^  it  remains  to  determine  the 
amount  of  this  heat;   that  is^  to  ascertain  how  much  heat  is 
necessary  to  convert  a  definite  quantity  of  a  liquid  into  vapour. 
Kg.  402  icprescnts  a  glass  bnlb      in  which  water  ia  kept 

boiling  by  means  of  a  spirit  lamp ; 
if  now  the  vapour  formed  be  con- 
ducted through  a  glass  tube  d  into 
a  ^Undrical  vessel  e  filled  with  etdd 
water,  the  vafKmr  here  will  be  eon- 

densed,  and,  consequently,  the  heat 
which  was  absorbed  at  a  in  the 
formation  of  vq^onr  will  be  agi 
liberated  ate;  the  cold  water  ate  will 
be  thus  gradually  warmed,  and  from 
the  elevation  of  temperature  thus  pro* 
dneed,  we  may  determine  the  amoont  of  the  latent  heat  of  ympam. 

If  we  assome  that,  after  cbdlition  has  been  going  on  far  some 
time  in  the  vessel  a,  all  the  air  has  been  wholly  expelled,  and  the 
end  of  a  crooked  tube  be  then  plunged  into  the  cold  water  of  the 
ejlmdor  e,  all  the  bubbles  of  vapour  will  at  once  be  eondeaaed  as 
they  eome  into  contact  widi  the  cold  water.  In  proportion,  how- 
ever, as  the  water  becomes  warmer  in  c,  the  bubbles  will  likewise 
become  larger^  until  finally,  even  if  the  water  at  c  be  heated  to  the 
boilmg  pcnnti  the  bubblea  will  rise  nncondensed  through  the  whole 
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iMM<tfliqpdd,aad«itii«aofel^^  Attlie 

moment  in  which  ebullition  begins  at  c,  the  experiment  will  be 
interrupted  by  our  removing  the  glass  cylinder  c. 

Provided  now^  that  there  had  been  11  cubic  inches  o£  water  at 
tM.  49$.  at  the  beginning  of  the  expcrimwil, 

tb0  cyiindor  at  tke  doie of  teamen. 
BMnt  iKOold  hKf$  fmntijiiwl  18  6dhk 
inches  of  water  at  100^^  2  caHc  inches^ 
of  water  having  been  thus  added. 
This  additional  water  has  now  been 
evaporated  in  the  vessel  a,  and  agua 
condenaed  in  the  qflinder  e;  ikt 
talent  heat  wliidi  waa  eonbawd  ni  a 
baa  beeome  Mwfatod  in  tf  and  baa 
heated  the  11  cubic  inches  of  water 
from  0°  to  100 ' ;  the  same  amount  of  heat,  therefore,  which  has  been 
absorbed  by  the  evaporation  of  2  cubic  inches  of  water  was  suffi- 
cient to  raise  the  tempecatnre  of  the  11  cubic  inchea  of  water  from 
OPtolOOP.  B«lnov8afelollaalto6Aandweni^tkeRfaEe 
expreai  die  randt  of  oor  eipffimwit  m  tbe  lolbiniig  nanaer: 
The  amennt  of  beat  neoeaiaiy  to  oonveft  a  definite  <jaantity  of 
water  from  100^  into  steam  at  100^,  suffices  to  raise  the  tempers 
tore  of  a  mass  of  water  5^  times  greater,  from  0^  to  lOC^ 

We  have  already  stated,  that  for  the  unit  of  heat,  that  qjuantit)' 
of  heat  is  assumed  which  is  reqniaite  to  raise  the  tempcratoie  ni 
lib.  of  water  1^;  toniaetheteaiferatuveof  S^lba.  of  watertothe 
aame  amoont^  5,5  aie  tbeNfiso  naceaaaiy^  and  560  anch  nnila  of 
beat  to  vaiae  ih/b  temperatofe  of  Una  maaa  100^. 

The  latent  heat  of  lib.  of  steam  is  consequently  equal  to  550. 
The  above  given  experiment  is  not  calculated  to  determine  the 
btent  heat  of  steam,  atibrding  always  more  or  less  incorrect  results. 
It  ia,  bowmr,  well  adi^ited  to  ahow  the  oopnecdon  of  the  sMlter. 
Hlw  leaaon  of  tpgfW  waiil  of  aflffwuy  atttendn^  titae  naalla 
of  th|a  eqwrimflnt  ia,  that  at  the  bi|^  tempcratarc  to  whaA  mim 
matt  be  raised  in  the  cylinder  e,  a  considerable  loss  of  heat  is 
experienced  by  all  that  surrounds  it ;  a  not  inconsiderable  amount 
of  steam  is  condensed  in  the  tube,  giving  off  to  the  air  heat  that  is 
set  free,  and  which  comes  to  the  cylinder  c  as  water.  We  may, 
therefoN^  eaniy  nndetatand^  that  until  the  water,  in  e  is  made  to 
boil,  more  water  will  paaa  over  from  the  vesael  a  than  wonld  be  the 
caae  if  theae  two  aooreea  of  error  were  not  preaant;  henee  tb» 
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experimeiit  is  of  little  value  in  giving  the  latent  heat  of  steam. 
We  cannot  here  enter  more  fully  into  the  consideration  of  the 
more  precise  methods  in  use  for  ascertaining  this  amount. 

In  distillation,  the  vapours  formed  in  any  vessel  by  heat  are 
conducted  into  a  pipe  surrounded  by  cold  water,  and  the  vapour 
is  converted  into  a  liquid  state;  the  temperature  of  the  cold 
water,  is,  however,  considerably  raised  in  the  heat  liberated 
by  the  condensation  of  the  vapour.  This  may  be  easily  shown  by 
means  of  a  small  still,  (Fig.  494),  in  which  the  vapour  is  conducted 
from  the  glass  bulb  in  which  it  is  formed,  into  a  straight  tube, 
passing  through  a  wider  one,  which  contains  the  cold  water. 

no.  494. 


The  cold  water,  which  enters  the  condensing  tube,  flows  forth 
from  the  other  end  heated.  In  distillations  conducted  on  a  large 
scale,  the  tube  in  which  the  vapour  is  condensed  has  the  form  of  a 
helix,  and  is  conducted  through  the  vessel  filled  with  the  cold 
water,  as  seen  in  Fig.  495,  in  order  that  the  vapour  may  remain  as 
long  as  possible  in  contact  with  the  cold  water,  and  that  we  may 
be  quite  sure  that  no  vapour  will  escape  from  the  open  end  of  the 
tube  in  an  uncondensed  state.  When  an  apparatus  of  this  kind 
has  been  in  operation  for  some  time,  we  shall  always  find  the 
upper  layers  of  the  water  in  the  refrigerator  very  hot,  owing 
to  the  heated  water  constantly  risitig  to  the  surface. 

We  might  determine  the  value  of  the  latent  heat  of  vapours 
by  any  distillatory  apparatus,  if  it  were  possible  every  time  accu- 
rately to  calcidate  the  amount  of  vapour  condensed  in  a  given 
time,  and  the  quantity  of  heat  yielded  by  it  to  the  cold  water ; 
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in  order,  therefore,  accurately  to  deteruiine  the  latent  heat  of 
vapours,  it  is  only  necessary  to  construct  an  apparatus  in  such  a 
man  nor  to  cnablc  UB  to  obtain  these  amounts  with  exactitude. 
According  to  this  prinfl^  the  latent  heat  oC  the  vifioara  of 
aiftmt  liqaida  Im  hem  aMorl^^  Tkw^ 

The  latent  heat  of  steam  is  .  540 

f9  »»  vapour  of  alcohol  .  214 
„      II     Sulphuric  eliher      •  90 

That  is  to  say,  in  order  to  convert  lib.  of  these  liquids  into 
Tiqpour  under  the  pressure  of  one  atmoaphere  540j  214,  or  90  timei 
ai  nmeh  heat  is  oombiiied  as  ia  neccumy  to  raise  the  tempctaUut 
lib.  of  water  P. 

The  latent  heat  of  vapoors  k  not  the  same  for  aD  tempentnra, 
being  greater  for  low,  and  less  for  high  temperatures. 

Production  of  cold  by  evaporation. — If  a  liquid  boil  in  the  open 
air,  it  will  retain  a  constant  temperature,  owing  to  its  constantly 
receiving  as  much  heat  through  the  aides  of  the  vessel  as  is 
absorbed  by  the  formatum  of  vapour.  But  what  ebuUitaDii 
goes  on  under  the  air-pump^  the  tempenture  oontinualfy  hJk, 
beeanse  the  yapour  withdraws  from  ^  fluid  itself,  and  fron 
the  surrounding  bodies,  the  latent  heat  necessary  to  its  formation. 
The  following  experiments  may  be  explained  by  the  absorptiion 
of  heat  which  takes  place  in  rapid  evaporation. 

Freezing  of  water  in  a  vacuum. — We  place  under  the  receiver  of 
the  lur-pomp  a  broad  glass  dish  filled  with  sn^urie  acid.  A 
few  inches  above  it  is  a  thin  flat  metattie  capsuk  aa  aeen  in  Fig. 
no.  49S.  containing  a  few  grammes  of  water.  IMi 

capsule  is  generally  suspended  by  three  tlireads, 
or  is  made  to  rest  upon  three  fine  metallic 
feet|  which  stand  upon  the  edge  of  the  lower 
g^aiw  vessel  A  few  minutes  after  the  air  has 
been  aa  much  as  possible  ^banstfidj  we  aea  iee 
needles  upon  the  eapsulci  and  after  a  tiaw 
the  whole  mass  becomes  solid.  This  remark* 
able  experiment  was  first  made  by  Leslie.  The  sulphuric  acid 
absorbs  the  steam  as  soon  as  it  is  formed,  and  thus  maintains 
a  rapid  eviqporation.  All  bodies  that  absorb  stesm  with  energj  pro- 
duce the  same  actum.  The  metsUic  capsule  ought  to  be  mtiiaiJj 
ihin,  in  orderi  likewise  to  take  part  in  the  eoolingi  and  mwst  be 
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insalated  from  the  surrounding  part  by  means  of  bad  con- 
doctors,  so  that  none  of  the  external  heat  may  be  conveyed  to 
the  water. 

In  WoUutmiM  Erifopkmu  water  lilsewiae  fieeM  by  ita  own 
efaporiiiriwi  Two  glaaa  bnlH  Fig.  407,  met  eonneeted  by  a 
tnbe.    A  littte  water  is  poured  into  eaeh  bulb,  and  by  its 

boiling,  all  the  air  is  driven  from  the  apparatus.  When  this  is 
done,  the  aperture  at  e  is  fused  by  the  blow-pipe,  and  the 
whole  thus  rendered  air-tight.  If  now,  all  the  water  be  suffered 
to  flow  mto  one  hoXb,  while  the  other  is  jdanged  into  a 

m.  497.  fieeung  mixfcav^  the 

oondensatioa  of  the 
steam  constantly  going 
on  in  the  other  bulb 
will  occasion  ao  rapid  an  evaporation  as  to  cause  the  water  to 
fireeze. 

Water  may  abo  easily  be  made  to  fireeie  by  the  evaporation  of 
anlpfanrie  ether,  lor  ibia  pnxpose  a  fjlBM  tube,  1  line  in  width,  is 
eadoaed  in  eotton  wool  moistened  with  sulphtirie  ether.  Tlie 
tube  thns  prepared  is  placed  in  any  kind  of  glass  vessel,  and  put 

under  the  receiver  of  the  air-pump.  On  exhausting  the  air,  the 
ether  is  so  rapidly  evaporated  that  the  water  freezes. 

Freezing  of  Meremry.—Vfe  may  carry  cooling  by  evaporation 
down  to  ^  freezing  point  of  meremy.  To  effioct  this  we  surround 
a  Aermomcter  bulb  witii  a  sponge,  or  other  poroos  tisso^  which 
arast  be  moislened  with  solpbnret  of  carbon,  or  sdU  better,  widi 
liquid  sulphurous  acid.  Evaporation  goes  on  so  rapidly,  and  the 
amount  of  heat  abstracted  is  so  great,  that  the  thermometer  falls 
to  —  —  or  even  30",  and  the  mercury  in  the  bulb 
£reezes  after  the  lapse  of  a  Urn  minutes. 

A  liquid  evaporates  bkhqi  nqpidly,  eonseqnent]^  generates  a 
gmter  degree  of  eold  dioing  ita  evaporatioii,  in  proportion 
to  ti»  lowness  of  its  boiKng  point;  on  this  acooont  a  greater 
degree  of  cold  is  produced  by  the  evaporation  of  sulphuric  ether 
than  by  water,  more  by  sulphurous  acid  than  by  ether,  and, 
finally,  still  more  by  liquid  carbonic  acid  than  by  sulphurous 
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CHAPTER  III. 

SPXCinC  BBAT  or  BODXXS. 

MeanM  cf  eompming  qwmiiiie$  of  heat. — ^We  aBsume  as  a  8df> 
evident  principle,  that  the  tame  quantity  of  heat  moat  alwmya  he 
required  to  produce  the  same  effect.    If,  for  instance,  lib.  of  iron 

at  10°  have,  from  any  cause,  been  heated  to  the  temperature  of 
11*^,  the  same  quantity  of  heat  must  always  be  required,  whether 
the  source  be  the  sun^  or  a  fire ;  or  whether  it  re«ch  the  iron  by 
contact,  or  by  radiation.  In  like  manner,  the  same  amount  of  heat 
will  always  be  required  to  fuse  lib.  of  iee  at  0^,  and  a  definite 
quantity  to  evaporate  lib.  of  water  at  100^.  The  quantities  of 
heat  must,  however,  also  be  proportional  to  the  weight  of  the 
substances  on  which  they  act,  in  order  to  produce  a  definite  effect ; 
that  is,  to  raise  the  temperature  of  lOOlbs.  of  iron,  from  lO^  to 
11°;  and,  in  order  to  fuse  lOOlbs.  of  ice,  or  cvi^porate  lOCAba.  of 
water,  a  hundredfold  greater  amount  of  heat  is  necessary,  thaa 
is  requued  to  produce  the  ssme  eflbct  <m  lib.  of  these  sob- 
stances. 

A  subatanee  baa  a  greater  or  kaser  capacity  for  ke&i,  seeording 

as  a  greater  or  lesser  quantity  of  heat  is  required  to  produce  a 
definite  change  of  temperature,  or  an  elevation  of  temperature 
of  1° ;  this  requisite  quantity  of  heat  is  termed  the  specific  heat  of 
the  substance.  Two  bodies  have  equal  capacities  of  heat,  if  of 
equal  weight,  thqr  require  the  ssme  quantity  of  best  to  raise  their 
temperature  V;  on  the  contrary,  the  capadty  of  beat  of  a  body 
is  2,  3,  or  4  times  greater  than  that  of  another,  if  it  require  a  2, 

3,  or  4  times  greater  quantity  of  heat. 

One  and  the  same  body  may  have  a  variable  capacity  for  heat  ; 
aa,  for  inatance,  is  the  case  with  platinum,  which  requires  a 
greater  amount  of  heat  to  be  heated  from  100^  to  lOP,  than  to 
raiae  ita  temperature  from  0^  to  P.  The  oqpaeity  of  water  for  beat 
is  eanttmU,  on  which  acconnt  tbia  liquid  baa  been  eboaen  as  the 
unit. 

From  these  definitions  it  follows,  that  a  body,  whose  weight  is 
m,  and  whose  capacity  for  heat  is  c,  will,  at  an  elevation  or 
ijepression  of  temperature  of  f  receive  or  lose  an  amount  of  heat, 
Xproduct  of  which  may  be  eipreaaed  by  m  c  /. 

V 
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In  order  to  determine  the  specific  beat  of  bodies,  three  diflferent 
metbods  have  been  pursued,  viz.j  that  of  the  fusion  of  ice^ 
nuzftores^  and  cooling. 

Aeoordmg  to  the  first  method,  the  body  whose  specific  heat  is 
to  be  detennindl  IS  wdi^ied,  bested  to  a  dflfinhe  te^  and 
plseed  in  a  vessel  filled  tnth  pieces  of  ice.  While  it  cools,  a  part 
of  the  ice  is  fused,  and  from  the  quantity  of  water,  we  obtain  the 
quantity  of  beat  lost  by  the  body,  and  bencej  consequently,  its 
specific  beat. 

The  cooling  method  is  based  iqpon  the  following  principlB.  If 
ahented  body  he  hroiac^t  intaa  qpaee  in  which  it  can  only  oodl  by 
ladiatioii,  it  wiU,  if  other  drenmstanees  remain  the  same^  co^ 

dower  in  proportion  to  tiie  amount  of  specific  heat. 

TTte  method  of  mbctures  affords  tlie  most  accurate  results,  and 
must,  therefore,  be  somewhat  more  attentively  considered.  This 
method  consists  principally  in  this,  a  weighed  quantity  of  the 
bod^  to  be  eiamined  is  heated  to  a  certain  temperature,  and  then 
fhnged  into  a  vessel  with  water,  ^  tempentee  of  which  has 
beso  nised  by  the  cooling  of  ihe  body ;  if  we  know  the  quantity 
sf  the  cold  water,  we  may  ascertain  the  devatkm  of  temperature 
sustained  by  it  from  the  cooling  of  the  immersed  body,  and  thus 
the  specitic  heat  of  the  latter  may  be  computed. 

If  we  assume  that  a  platinum  ball  weighing  200  grms.  warmed 
to  100^  has  been  immersed  in  a  mass  of  water  of  105  grms.  at 
16^,  and  has  rsised  its  temperature  by  its  own  eoolmg  to  20^, 
that  is^  has  heated  the  water  6^,  it  is  dear,  that  the  200  grma.  of 
pktiniim  must  be  cooled  down  to  in  order  to  heat  106  grms. 
of  water  5^.  The  same  amount  of  heat  that  has  been  yielded  by 
the  platinum  ball  would,  therefore,  also  have  sufficed  to  raise 
the  temperature  of  525  grms.  of  water  1**.  If  the  platinum 
ball  bad  only  weighed  1  grm.,  the  amount  of  heat  given  off  by 
it  at  a  depiessum  ol  temperature  of  80^  would  be  able  to  warm 
526 

only  jgg,  or  2,625  grms.  of  water  I^,  ox  1  grm.  of  water  2,625^. 

Hence,  it  follows,  that  the  same  amount  of  heat  that  ruisi  s  the 
temperature  of  1  grm.  of  platinum  80P  can  only  raise  an  equal 

mass  of  water  2,625^,  platmnm  thus  reqnires  only  ^^^q^,  that  is^ 

0^0808  times  less  heat  than  an  eqnsl  qosntity  of  water,  to  eoipe- 
rienee  an  eqoal  ndation  of  tenqperatuei  the  specific  heat  of 
plathmm  is  eonseqaently  0,0828. 

I  I 
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If  >vr  designate  the  weight  of  the  eoolius:  water  by  m,  and  the 
elevation  of  temperature  by  /,  (in  the  above-given  example  they 
were  105  gnus,  and  5"),  and  the  weight  and  depression  of  tempe- 
zatore  of  the  oooled  body  as  m  and  t',  (in  our  examples  they  stood 
as  aOO  smw.  of  pbtnmm  and  80^)^  it  foUowa  horn  the  above- 
given  ecmMdqntMniib  for  a  eoocnte  eaa^ 

formula  for  the  eompuftatum  oC  the  apeeifie  heat  e  of  ^  eoolad 

body:  es  ^^ttT'  thatia,  eqnreaaed  in  woiday  we  find  Uie  qiecifie 

heat  of  the  oooled  body  by  dividing  the  product  of  the  weight  of 
the  cooling  water,  and  its  variation  of  temperature  by  the  prodnct 
of  the  weight  of  the  bod^  and  ita  dqpieiaioa  <tf  tein^^ 
Eendti  of  the  etq^mmmUi  on  tpecijie  Aaalr.— The  detemiiiatian 

specific  heat  has  acquired  mudi  impottanee  in  chemistry  firan 

the  labours  of  Dti/o/ir/  and  Petit^  who  found  that  the  product 
obtained  on  nmltiplying  the  sj)ecific  heat  of  au  element  by  its 
atomic  weight  was  always  constant.  Thus,  for  instance,  they 
found  the  specific  heat  of  inm  to  be  equal  to  0,1100,  while  the 
atomie  wei^^t  of  the  metal  was  d89A  and  their  pro^  m  ^7«^1. 
If  we  multiply  the  qpeeific  heat  of  eopper  0|OMO  with  ita  ateaue 
weight  S06,7,  we  obtain  the  product  87,55,  a  yahie  whidb  agrees 
almost  perfectly  with  what  has  been  Ibund  for  iron.  In  like 
manner,  it  was  found  that  this  product  was  almost  exactly  the 
same  for  all  metallic  elements;  it  therefore  appears^  that  the 
princij^e  of  the  specific  heat  of  metallic  elements  being  iKverady  i 
proportioiial  to  their  atomic  wei^t^  iawelUgroiundBd.  | 

We  have  thus  one  meana  mora  of  learning  to  kaow  the  atone 
weight  of  a  body,  and  to  test  the  value  of  atomie  weights  found  by 
other  methods.  The  atomie  weights  of  the  elements  were  not,  at  I 
the  period  when  Dnlong  and  Petit  carried  out  their  researches,  as  , 
firmly  established  as  at  present ;  choice  had  often  to  be  made 
between  many  atomic  weights  for  the  same  body^  and  DuUmg 
and  PetU  naturally  selected  the  one  moat  in  harmony  wilb  their 
own  law. 

Subsequently  to  that  time,  atomie  weights  were  more  enethr 

determined  in  another  way ;  but  this,  instead  of  coutirnnng  the  hiw 
of  Dulong,  seemed  rather  to  yield  results  in  direct  opposition  lo 
those  obtained  by  his  method.    The  most  recent  investigations  of  j 
Regmtult  upon  specific  heat  have,  howevcTj  established  the  oomet- 
ness  of  this  law  beyond  all  doubt. 
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bodies  in  the  same  manner  as  liglit  passes  through  transparent 
bodies  ;  the  rays  of  the  sun,  for  instance,  impinge  upon  our  earth 
after  they  have  traversed  the  whole  atmosphere,  and  heat  the 
earth's  aur^Me  whihit  the  higher  regions  of  the  air  remain  cold ;  the 
imji  of  beat  consequently  pass  for  the  most  part  through  the  atmos- 
plMve  wiilioiit  beii^  absofbed  bf  it.  On  appvoadimg  tiie  fire  of 
a  liettih,  we  eipcrieiiee  a  bnrnhig  heet^  tmA  yet  ^  air  between 
na  and  the  fire  is  not  heated  lo  an  equal  degree,  for  on  holding  up 
a  screen  this  heat  instantaneously  eeascs,  which  could  not  possibly 
be  the  case  if  the  whole  mass  of  air  surrounding  us  had  so  high  a 
temperature.  Hot  bodies  can,  therefore,  emit  heat  in  all  direc- 
ikma,  which  passes  through  the  air  as  the  rays  of  light  throng 
tranqpmnt  bodies;  we  tl^reloce  qpeak  of  twdieliii^  andivq^ 
of  ImsI^  in  the  same  manner  as  rays  of  light. 

If  two  large  spherical,  or  psrabolie  eoneave  mirrors  of  polished 
tm-plate  (Fig,  408),  be  removed  about  5  or  G  metres  from  each 

other,  and  so  placed  that 
the  axes  of  both  mirrora 
fall  upon  the  same  line, 
and  if  a  piece  of  tinder  be 
placed  in  the  foeos  of  the 
one  mirror,  and  an  iron 
ball  in  a  state  of  white 
heat,  or  a  bui-ning  coal, 
whose  combustion  is 
quickened  by  a  beUows, 
be  laid  in  the  opposite  loousi  the  tinder  will  soon  ig^ute,  as  if  it 
had  been  faronght  into  eontaet  with  a  fire.  This  experiment  proves 
that  the  glowing  body  radiates  heat;  for  it  is  evident  that  the 
tinder  has  not  been  ignited  by  the  intervening  layers  of  air  having 
become  by  degrees  so  strongly  heated.  On  remo\ing  the  tinder 
from  the  focus  it  will  not  be  ignited^  even  on  being  brought  much 
nearer  to  the  glowing  body. 

If  we  put  a  ball  at  800^  in  the  pkoe  of  the  glowing  eoali  and 
a  eomnum  tiiennonieter  in  the  pbee  of  ihe  tinder,  the  thermometer 
willrapidlyrisc;  eonaeqiiently^tldsbaUataOtf  Ukewiseiadiates  heat. 

1  I  2 

Digitized  by  Google 


4&4t  &UMPO&d's  DIFFE&BNTIAL  THE&MOM£T£B. 


VM.  499. 


If,  instead  of  the  liot  ball  at  300'',  we  take  a  vessel  fuU  of 
boiling  water,  or  filled  with  water  at  90",  80",  or  70**,  we  may 
not,  perhaps,  observe  any  further  clevatioo,  of  temperature  in 
the  thenDomeler ;  thii,  bowever,  does  not  prove  that  the  waUa 
ol  the  yeasd  radiate  no  moce  beat  at  thii  temperaturey  b«L 
wady,  that  a  enmmen  thcnnometer  k  not  aeuattive  enoof^ 
for  this  purpose*  BfiMPe  scnntive  uiBtruments  have^  thenfiMP^ 
been  made  use  of,  as,  for  instance,  an  air  thcnnometer.  Rum- 
ford's  or  Leslie's  differential  thermometer,  or  MeUoni's  thermo- 
multiplicator. 

An  air  thenmometer  mtcj  be  constructed  for  this  purpose,  some» 
what  in  the  manner  reprewnted  in  Fig.  409.   A  bnlb  of  fircm  8  to 
4  eentimetm  in  dianietcr  is  faloim  at  the  end  of  n 
tnhei  the  bore  of  whieh  is  about  1"";  the  tube  is  bent, 

as  maybe  seen  in  the  figure,  and  has  in  the  middle  a 
second  bulb,  and  at  its  other  extremity  a  funnel,  in 
order  to  prevent  the  lluid  standing  between  c  and  d 
from  returning  into  the  lower  bulb,  or  running  oat  at 
the  top.  When  the  dimeneiniMi  of  the  instnuBenl  are 
known,  we  may  easily  oompnte  abnost  the  foil  degree 
oif  its  sensitiveness ;  it  eannot,  however,  be  gradnated, 
owing  to  the  tiuid  remauiing  exposed  to  the  atmospheric 
pressure,  and  owing  to  the  alternate  entrance  and 
escape  of  air  from  the  lower  bulb. 
Buaifard'M  di^ffenMal  ikermometer. — ^Fig.  500  exhibits  an  appa. 

ritos  eonaiating  q£  two  g^aaa  bnUM^ 
«  and  b,  eonnected  by  a  bent  g^aas 
tabe,  whose  horiaontal  part  is  fitm 
6  to  6  decimetres  in  length.  In 
this  tube  there  is  an  index  of 
alcohol,  or  sulphuric  acid,  pressed 
upon  on  each  side  by  the  air  ef 
the  bolba,  and  it  wiU 
qoently  only  stand  in  a 
position  when  tiie  presam 
both  sides  is  equal.  The  place 
occupied  by  the  index  when  the 
temperature  of  both  bulbs  is  perfectly  equal,  is  the  zero  of  the 
division.  U  the  one  bulb  be  heated  more  than  the  other^  the 
indcK  will  be  driven  towanls  the  eooler  bolb^  and  its  lemofal 
the  leio  will  be  proportional  to  the  difccoee  of  Uaa^ 


ntoie  of  the  two  bolba. 
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Leslie's  differential  thermometer, — Fig.  501, 
is  constructed  in  a  similar  way,  with  the 
exception  of  having  somewhat  smaller  bulbs, 
and  the  vertical  arms  of  the  connecting  tubes 
being  longer,  and  nearer  to  each  other. 

Melloni's  thenno-multipUcator  consists  of  a 
thermo-electric  pile,  Fig.  502,  such  as  has 
already  been  described  at  page  430,  and  of  a 
very  sensitive  multiplicator.  The  pile  is  care- 
fully blackened  at  both  ends  with  soot,  and 
placed,  together  with  its  casing,  at  p  (Fig.  503) 
upon  a  stand;  the  coverings  a  and  b  serve  to 
keep  the  currents  of  air  and  the  lateral  radiations 
from  the  pile ;  as  the  one  b  is  conical,  it  also 
serves  to  concentrate  the  rays  of  heat  from  this 
side,  if  necessary.  The  copper  wir6  forming 
the  galvanometer,  is  7  or  8  metres  long,  and 

PIG.  503. 
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is  wound  40  times  round  a  metal  frame.    Tlie  well  chosen  magne- 
tised needles,  after  having  been  carefully  compensatedy  aze 
connected  together,  m  teen  in  Kg.  504.    This  system  is  sua- 
na.  M4.         pended  by  a  eoooon  thread,  hanging  m  the 

oentie  of  a  §^  bdl  ^  Fig.  6QS.  Bf 
turning  l&e  knob /,  l3ie 
be  somewhat  raised  or  lowered,  together 
with  the  needles.  The  apparatus  must  be 
placed  upon  a  sui^dently  atrong  table,  and 
at  a  proper  level,  so  that  the  thread  hangs  exactly  in  the  middk 
of  tl^  gndnatod  endcy  and  ao  diieetad  that  the  needles  point  to 
the  MO  of  the  scale,  when  their  plane  eoineides  with  the  msgnftir 

The  easily  expanding  wire  spirals,  ff  and  h,  which  arc  in  connec- 
tion with  the  two  ends  of  the  thermo-electric  pile  at  x  and  y,  and 
at  m  and  n,  with  the  ends  of  the  multiplicator  wire;,  aenrc  to 
restore  the  connection  between  the  thermo-electnc  pik^  and  the 
multiplicator.  The  smaDeit  diffierenoe  of  tenqpentue  betvieoi 
bodi  blackened  enda  of  the  cdlmnn  causes  a  defiatian  of  the 
needle,  which  may  he  seen  by  the  graduated  scale. 

Capacity  of  bodies  to  radiate  heat, — The  capacity  possessed  by 
bodies  of  radiating  heat  is  very  dissimilar,  and  depends  essentially 
upon  the  condition  of  the  surface;  in  general  the  surfaces  of 
the  leia  dense  bodies  radiate,  other  dreonistanoea  being  the  snui^ 
more  heat  than  the  sorftuses  of  bodies  poeseMmg  a  greater  dsnsilj. 
The  irregolanty  in  the  capacity  of  radiation  of  difarent  soifiwei^ 
has  been  illastrated  by  LMe  in  the  following  manner:  he  bronght 
the  bulb  of  his  differential  thermometer  into  the  focus  of  a  concave 
mirror,  and  placed  at  some  distance  from  the  axis  of  a  uurror, 
a  hollow  tin-plate  cube,  tilled  with  hot  water ;  the  sides  of  the 
Teasel  being  from  15  to  18  centimetres  in  length,  and  the  one 
lateral  side  being  covered  with  soot,  while  the  other  waapoliahed; 
when  the  latter  aide  was  turned  towards  the  minor,  the  cfleet  was 
much  less  considerable  upon  the  diffiBrential  thnrmcmeter  than 
when  the  blackened  side  was  turned  towards  it ;  the  surface  rubbed 
with  soot,  conse  quently  radiated  Ikr  more  heat  than  the  poliahed 
metallic  surface. 

Thia  method  is  certainly  quite  capable  of  ahowing  the  difib- 
renoe  in  capacity  of  radktion ;  but  to  give  mote  enet  eom- 
pansonSi  however,  Metttml^i  method  is  hi  more  preferable;  hs 
pkeed  at  a  proper  distance  from  the  thermo>pOe  a  hollow  cube 
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of  tin  plate,  the  side  of  whicli  was  from  7  to  8  centimetres 
lonsr,  and  which  was  filled  with  hot  water,  kept  at  a  constant 
temperature  by  means  of  a  spiht  lamp;  the  lateral  surfaces 
of  this  eube  were  difQerently  prepared,  one  bring  covered  with 
wo€k,  aaoAor  wiUi  wlnte  lead,  the  third  with  Indian  ink|  and 
Hie  lemaining  one  poBdied.  The  deviations  ci  the  needle  were 
▼er^'  unequal^  ae  iie  one  or  the  other  tide  waa  tamed  towards 
tlie  thermo-multiplieator,  and  from  the  deviations  thus  observed, 
were  found  without  further  difficulty,  the  relation  in  which  the 
capacities  of  emiaaion  stand  to  each  other  for  diSeroit  fluids.  In 
this  manner  the  eqiacity  of  radiation  has  been  determined  for  the 
^Dlkrwittg  bodiea ; 

Lamp-black  .       .100  Indian  ink  •       .  86 

White  lead  .      .  100  6um4ac  .  72 

lamglaaa  .   91  Metallic  anr&ee  .  12 

Thus,  if  we  deaignate  the  capacity  for  radiation  in  pine  aool 
te  100^  that  of  a  pohahed  aorfiee  will  be  eq[nal  to  12,  eonae- 

queutiy,  only       of  the  former* 

Ahsorption  of  rays  of  hmi.^'Snry  body  haa  the  power  of 
absorbinp:  more  or  less  the  rays  of  heat  which  impinge  upon  it  coming 
from  some  other  body ;  this  is  proved  in  the  above-named  experi- 
ments, for  bodies  are  only  heated  in  the  focus  of  a  concave  mirror 
becanae  Hhej  abaorb  the  raya  of  heat  ooneentrated  upoif  them 
hf  tiie  mimra.  That  thia  power,  however,  vppvtma  to  all 
bodies,  n  proved  by  their  anomni^  a  temperatoie  when  eipoaed 
to  the  son's  laysVhidi  is  higher  than  the  temperatue  of  the 
air. 

The  power  of  absorption  is  not  ec^ual  for  all  bodies,  which 
arises  from  their  not  having  equal  power  of  emission,  for  a 
sur&oe  which  easily  radiates  heat  must,  conversely,  also  have 
the  acfmdtj  for  absorbing  these  n^.  This  inequality  in  1^ 
posver  of  absosplion  migr  be  shown  by  a  simple  eoqienment; 
Ibr  iiMlnie^  if  we  pot  a  thermometer,  whose  bolb  haa  been 
blackened,  in  the  rays  of  the  sun,  it  will  rise  mnch  more  rapidly 
than  another,  whose  surface  has  not  been  blackened ;  the 
blackened  surface  of  the  one  thermometer  bulb  absorbs,  there- 
line,  evidently  more  rays  of  heat  than  the  polished  surface  of  the 
oUier. 

Tbub  rays  of  heat  absorbed  by  a  body  svoi  therefore^  thecsnseof 
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its  becoming  heated;  and  thus,  ia  order  to  heat  a  body  by 
itdiatuHn  aa  mucb  as  possible,  it  u  neeessary  to  cover  it  wik 
•ome  €0«tmg  which  atnmgly  alMorba  ngfi  of  heat;  for  the  tmt 
num,  ihennoieopes,  whidi  Mm  to  manifriat  in  •  rtriUng  mmam 
Hkt  actions  of  the  radiation  of  heat,  the  holha  of  difoentiBl  ther- 
nioinetcrs,  and  the  two  ends  of  the  thernio-clectric  j)ilc  are  coated 
over  with  soot,  as  tliij^  substance  has  a  stronger  capacity  for 
absorption  than  any  other,  with  which  we  are  acquainted. 

We  have  aeea  above  that  metallic  surfaoea  possess  ordf  m  very 
■nail  power  of  ffwiniimj  and  heniOQ^  it  ioHkmn,  that  thcj  oe  cd^ 
ei^ahle  of  abaorinng  imya  of  hett  to  a  very  smaU  degree. 

Re/ledummid  diflMen  qftkerays  0/ Aeaf.— Bodiee  have  in  gene- 
ral the  capacity  of  reflecting  a  portion  of  the  rays  of  heat  imping- 
ing upon  them  in  the  same  manner  as  they  more  or  less  rcguLorly 
reflect  rays  of  light.  The  onrrors  which  were  used  in  the  above 
eqieriments,  furnish  na  with  a  deciai?e  proof  of  the  reflection  of 
xaya  of  heat,  for  they  are  not  themsefarea  heated  in  the  eo^eriraent 
with  the  tinder.  A  ample  mode  of  leaaoning  eonvinoeB  na  that 
moat  bodies  mnst  possess  this  capacity  for  reflection,  and  that,  if 
wc  may  so  speak,  it  is  complementary  to  the  power  of  absorption, 
for  the  sum  of  the  absorbed  rays  of  heat  must  evidently  be  equal 
to  the  combined  whole  of  the  incident  rays,  pro\ided  the  body 
sofler  no  rays  of  heat  to  pass  through  it.  When,  therefore,  the 
power  of  reflection  ia  greatsr^  the  power  of  abeonqption  ia  nailer^ 
and  eoBvenefy.  A  hoAj  that  refleota  no  nya  of  heat  nnut  abaorh 
all  rays,  as,  indeed,  ia  the  eaae  with  aneh  avHaees  aa  are  eareftiDj 
oovwed  with  soot ;  polished  metallic  surfaces  on  the  other  hand, 
wliich  possess  a  great  capacity  of  reflection  only  absorb  rays  of  | 
heat  to  a  very  inconsiderable  degree. 

Baja  of  heat  are  reflected  preeisdy  aoooiding  to  the  same  bwa 
aa  nya  of  h^t,  that  ia  to  wny,  the  angle  of  refleetion  ia  aq[Qal  to 
the  angle  of  ineidenee;  thia  Mlowa  from  the  cupeiimento  with 
the  concave  minors,  as  the  foosl  points  for  the  rays  of  hent 
correspond  with  tliose  of  the  rays  of  light. 

As  rays  of  light  are  irregularly  distributed  in  all  directions  on 
the  surface  of  a  perfectly  polished  body,  rays  of  heat  likewise 
nndergo  a  d^fitiim  on  the  surface  of  moat  bodiea.  We  maf 
convince  onraelfea  of  thia  hy  the  IbUowing  cqperiment.  If  wn 
■offer  the  son^beams  to  M  throng^  an  opening  in  the  shnttv  of  a 
dark  room  npon  tike  opposite  wtdl,  the  Innunoaa  spot,  whidi  is  I 
visible  from  all  directions,  owing  to  its  distributing  suidight  un 
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every  side,  will  ako  dislribiite  ngfS  ol  hfltt  inpguliiiy^  thit  iiy  it 
viU  thmir  Ibrdi  nqfi  of  heit  in  d  dbeet^^  at  if  itireieitedf  a 
•oavee  of  heat.  This  diffbrion  of  the  rays  of  heal  ia  fendeved 

manifest  on  turning  tlie  thermo-electric  pile  towards  the  bright 
spot;  we  shall  see  the  needle  deviate  at  whatever  part  of 
the  room  we  place  the  instrument ;  and  the  action  cannot,  there- 
fore, arise  horn,  a  regular  reflection,  while  it  is  evident,  that 
it  ia  not  the  oonaeqiieiioa  of  m  heating  of  the  part  of  the  wall 
on  n^udi  the  fan's  rmys  hare  frOen,  far  the  needle  will  return  to 
the  aero  of  the  aeale  as  soon  as  the  aperture  in  the  ahutter  is 
closed. 

Capacity  of  bodies  to  transmit  rays  of  heat. — ^That  solid  bodies 
can  transmit  rays  of  heat  in  the  same  manner  as  transparent 
bodies  transmit  rays  of  light  has  already  been  proved,  by  showing 
that  we  are  able  to  ignite  eombnstible  bodies  on  holding  them  in 
the  fiieoa  of  a  lens  eqwaed  to  tiie  myn  of  the  son.  More  aeeorate 
intestigatioiia  eonld  onfy  be  made  by  help  of  the  thermMleebae 
pile,  and  MeBom  haa  carried  out  a  series  of  highly  interest- 
ing observations  upon  the  transmission  of  the  rays  of  heat  through 
different  bodies. 

Such  bodies  aa  retain  rays  of  heat  as  transparent  bodies  retain 
rays  of  li^^i  are  termed  by  Mdhm,  tUhermmom;  and  thoie 
wfaieh  are  to  of  heat  aa  transparent  bodiea  are  to  rays  of  light, 
are  called  by  him  dSislAeraMnoiit.  Air  eonaeqnentKy  ia  a  HMet* 
SMRoitf  body ;  and  we  shall  soon  sec  that  many  solid  and  fluid 
bodies  are  diathermanous,  although  in  very  unequal  degrees. 

The  experiments  were  made  in  the  follo\Nin^  manner. 

The  source  of  heat,  a  small  oil  lamp,  for  instance,  or  a  hollow 
cube  of  tin  plate  filled  with  hot  water,  and  bkdcened  on  the  out* 
■de  with  aoofc  to  radiate  heat  the  better,  waa'  ao  phoed  aa  to  pro- 
daeeadefiatioiiof  the  needle  of  80^;  when  the  raya  of  heat  were 
then  reeei?ed  npon  a  plate  of  the  body  to  be  examined,  and 
placed  at  r.  Fig.  501,  the  needle  receded  sometimes  more,  some- 
times less,  and  it  was  thus  ob8er\^cd  that  equally  thick  and  equally 
transparent  plates  of  difierent  bodies  did  not  transmit  equal  quan- 
tities of  radiating  heat  If,  for  instance,  the  free  radiation  of  the 
souree  of  heat  eanae  a  deviation  of  the  needle  will  reoede  to 
28^if  a  plate  of  loek  salt  from  3  to  4  miHimetwa  in  thicJmess  be 
pbesd  at  r,  whilst  an  equally  thick  plate  of  quartz  will  cause  the 
needle  to  recede  to  15  or  16^;  mineral  or  rock  salt  consequently 
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tinniite  n^i  of  bflil  flur  better  tiin  10^  linflM 
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tiiii8ptt6iit  bodin  efm  twuimnit  ntyi  of  hesfc  bitter  tim  tiMMo 
ihftt  816  perfectly  tmuporent.    whileti  fer  mstsncc,  a  wboDy 

transparent  plate  of  alum  reduces  the  deviation  of  the  needle  from 
30^  to  3  or  4",  a  far  thicker  plate  of  smoky-topaz  brings  the  needle 
back  to  14  or  15°.  Some  bodies  which  are  ahnost  wholly  opaque, 
M  black  glass  and  blade  wm,  transmit  nsp  of  boat  tolenUj 
won. 

If  wesoftrtifaon^of  boat  tbst  hm  passed  Haaa^  a  ^^sas 
plate  to  ML  upon  an  ahnn  plate,  tbey  wflQ  be  irbolly  abooi%od ; 

whilst,  however,  an  alum  plate  will  transmit  almost  all  the  rays  of 
heat  that  had  previously  passed  through  a  plate  of  citric  acid. 
This  phenomenon  has  the  greatest  analogy  with  the  transmisajon 
of  light  through  a  odoured  medium;  lays  of  hght  that  have 
passed  throogb  green  glass  are,  it  ia  wdl  known,  easttj  transmitted 
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tliioii^  oHier  green  glasses^  wludi  tfe  abBorbed  irhfea  Boflhred  to 

fall  upon  red  glass;  the  differences  between  rays  of  heat  are 
therefore  quite  analogous  to  the  differences  of  colour  in  light. 

Similar  resemblances  have  been  observed  in  relation  to  the 
capacity  of  emisaion  and  abioiption  of  bodies. 

Baya  of  heat  na  wfaBtgihihi^  Kftoa  nigra  of  light,  aa  may  best  be 
bjawMof  apiamof  lodcaah.  Phawwiiana  of  pdkrintkm  * 
ahown  in  fsya  of  hnt* 
Dkirihiition  of  heat  by  conductors.^Heat  may  pass  from  one 
body  to  another,  not  only  by  radiation,  but  by  immediate  contact, 
and  may  then  be  transmitted  through  the  whole  mass ;  there  is, 
however,  a  great  inequality  in  different  bodioB  in  relation  to  the 
haHailkf  with  which  thia  ia  effiseted;  in  many,  heat  is  Tery  eaaily 
tnaamittod,  whilst  in  othen  it  paiaea  inth  midt  Ina  fiieiliiy  from 
one  paftii^  to  anoAer.  A  antdi  tlwt  ia  banuig  at  one  end  may 
be  held  between  the  tingeiB  at  tlie  other  extremity  without  any 
elevation  of  temperature  being  even  felt  in  the  wood;  the  high 
temperature  of  the  burning  end  is  not  speedily  transmitted  to  the 
neat  of  the  maaa  of  wood,  because  wood  is  a  bad  conductor  of  keai. 
An,  eqodUy  long  melattie  wiie  made  glowing  hot  at  one  entramity 
emuiot  he  giMped  at  the  other  end  without  buniing  the  hand; 
keat  eooae^pnendy  dialribiiiCea  itadbP  from  the  glowing  part  to  the 
whole  of  the  rod,  metal  being  a  ffood  conductor. 

We  may  make  use  of  Ingenhousz^s  apparatus  (Fig.  506)  to  show 

the  inequality  of  the  capacity  of  different 
bodies  to  transmit  heat.  Many  rods 
Bude  of  the  anbstances  to  be  oompaxed 
ore  inaerted  into  the  lateral  waD  of  a  boK 
of  tin  i^ate^  the  rods  being  all  of  eqnal 
diameter  and  all  covered  with  a  layer  of 
wax ;  on  pouring  boiling  water  or  hot  oil  into  the  box,  the  heat 
will  penetrate  more  or  less  into  the  rods  and  fuse  the  wax  coating. 
If  we  assume  that  one  rod  is  of  copper,  another  of  iron,  a  third  of 
lead,  a  fourth  of  glass,  and  the  last  of  wood,  the  wn  eoating  of 
eopper  win  be  perfectly  ftised  belbre  the  eoatinga  over  the  other 
loda  art  mudi  meked,  akywxng  that  oopfwr  ia  tihe  beat  eondoetor 
of  these  five  bodies.  The  fusion  of  the  wax  is  more  rapid  over  the 
iron  than  the  lead,  and  when  all  the  wax  has  melted  off  the  copper 
rod,  fusion  has  only  progressed  to  a  very  small  extent  upon  the 
^aaa  rod,  while  scarcely  a  trace  of  f osiim  ia  peroqitihle  on  the 
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wooden  rod ;  which  proves  that  wood  is  the  worst  conductor  of 
heat  among  these  five  substances. 

Of  all  bodies,  metals  are  the  best  conductors  of  heat ;  and 
aahety  silk,  hui,  §tnM,  wool,  ke*,  and 
tili6  wont* 

In  pndaal  lifb  we  aie  ooiiatandy  niaking  nvmeRNHi  applkrtioBi 

of  the  good  or  bad  etepmaty  of  differait  ho^&m  fat  oo&dnoting  hetk. 

Thus,  objects  that  we  wish  to  protect  from  the  cold,  we  surroaud 
with  bad  conductors  of  heat :  twisting  straw  round  trees  and 
shrubs  in  winter  to  save  them  from  the  eifect  of  the  frost ;  on  the 
aame  principle  our  clothes  keep  us  warm,  owing  to  their  being 
madeof  badoondnetorsof  beat.  We  ean  being  a  Uqpdd  to  niMe 
of  boiling  mnA  more  rapidly  in  a  eopper  feaeel  tiban  in  onemda 
of  povedain^  and  baling  equally  tbiek  waDa. 

Capacity  of  liquids  and  gases  for  conducting  heat. — Heat  is  distri- 
buted through  liquids  principally  by  cur- 
rents, which  arise  from  the  heated  par- 
ticles rising  more  rapidly  to  the  surfieiefl^ 
owing  to  tbflir  inoonaidienUe  deoalj. 
Tbeie  ennenti  may  bemadeapperemtby 
tbrowmg  absvii^pi  into  water  cndkiaed  in 
a  glass  vessel^  and  then  heating  it  slowly 
from  below,  (Fig.  507),  when  we  shall 
sec  the  current  rise  in  the  middle,  and  be 
directed  upwards,  and  turn  downwards 
on  eitiier  side.  On  heating  a  liquid  from 
above^  ao  that  the  l^fdrootalie  eqpdlibriaH 
u  not  diatinbedf  tbe  beat  ean  only  be 
transmitted  in  the  same  manner  through 
the  mass  of  the  liquid,  as  is  the  case  with 
solid  bodies ;  that  is  to  say,  by  the  heat 
being  conducted  from  one  layer  to  the 
other.  In  such  cases,  heat  ia  only  ahndy 
I  of  the  liqiiidy  liquida  eonaeqinently  an 

In  order  to  convince  oneself  of  the  bad  capacity  of  liquids  for  con- 
ducting heat,  one  need  only  plunp^e  the  bulb  of  a  thermometer 
into  cold  water^  and  then  pour  hot  oil  upon  the  water.  Tlie 
npperaioet  Iqrere  of  water  will  acazcely  maoifeat  any  elevation  of 
temperaton* 
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Despretz  has  determined  tlie  capacity  of  liquids  for  conducting 
heat^  by  heating  columns  of  water  1  meter  in  height  and  from 
Oyi  to  0,4  meters  in  diameter^  by  continually  pouring  hot  water 
over  thflm  £rom  above.  This  process  was  coiitiniied  for  about 
80  iMxuSy  until  the  temperature  of  the  columns  was  settled  and 
■kdUe  on  sides.  Vnnn  these  eaqperiiiients  it  ftQows  that  the 
capseity  of  water  te  eondoeting  heat  is  about  96  times  less  then 

that  of  copper. 

The  air  and  gases  especially  are  likewise  very  bad  conductors  of 
heat ;  but  we  are  unable,  o\ving  to  the  radiation  of  heat,  to  ascer- 
tain their  capacity  for  conducting  heat,  by  means  of  the  thermo- 
neter  faioiight  into  the  differait  layers  of  the  mass  of  air  to  be 
CTimhwd.  Tlwt  gases  generally,  and  the  air  in  partieolsri  axe 
htA  eondnelors  of  best,  is,  however,  proved  by  this :  that  bodies 
surrounded  on  all  sides  by  layers  of  air  can  only  be  cooled  or 
heated  very  slowly  if  only  the  intermixture  of  the  layers  of  air  be 
prevented.  We  thus  see  the  utility  of  double  windows  and  double 
doors  in  keqnng  a  room  warm.  The  bad  capacity  for  conducting 
best  whieh  we  perceive  in  porous  bodies,  as  straw,  wool, 
depends  especially  upon  their  innnmersMe  interstioes  being  filled 
with  sir.  Bodies  of  whidi  we  say  that  they  keep  ns  warm,  as,  for 
instance,  our  clothes,  straw,  &c.,  are  not  warm  in  themselves,  but 
owe  the  property  they  possess  to  their  bad  power  of  conducting 
heat ;  if  we  wrap  any  of  these  round  ice,  they  will  hinder  its 
fusion,  by  protecting  it  from  all  external  heat. 


CHAPTEE  V. 

DlffEBENT  80UBCE8  OF  HEAT.* 

Gmerotion  of  heat  by  chemical  combmations, — ^Hixc^ting  the 
worn,  Aemical  combinations  ftimish  us  with  the  most  important 
sources  of  heat.  Almost  eveiy  chemical  process  is  accompanied  by 
a  development  of  heat. 

The  development  of  beat  indueed  by  combustion,  that  is,  by  a 
rapid  combination  of  bodies  with  oxygen,  is  of  the  greatest  import- 
ance. 

In  order  to  determine  the  amount  of  heat  developed  in  combos- 
•  ThoBiMn'i^Hiak  tad  KMridty,'*  Sad  Bditi0a,8f(K  1840. 
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tion,  Bxanford  made  use  of  the  apparatus  delineated  in  Fig.  508. 

no.  508.  The  box  A  is  filled  with  water, 

through  which  passes  a  worm 
tube ;  the  entrance  of  this  tube 
is  formed  by  a  funnel,  below 
which  are  placed  the  bodies  to 
be  consumed.  The  experiment 
is  easily  made  with  oil  and  alco- 
hol, which  are  poured  into  a 
little  lamp,  which  must  be 
weighed  at  the  beginning  and 
end  of  the  experiment,  in  order 
to  ascertain  the  quantity  of  the 
material  consumed.  The  Hame 
and  the  products  of  combustion 
pass  through  the  tube,  and  heat 
the  water  of  the  apparatus.  From  the  elevation  of  temperature 
experienced  by  the  water,  together  with  the  whole  apparatus,  we 
may  estimate  the  amount  of  heat  engendered  by  combustion ;  but 
here  we  must  not  disregard  the  heat  carried  off  by  the  gaseous 
products  of  combustion  from  the  tube. 

By  experiments  of  this  kind  the  following  results  were  obtained 
as  to  the  amount  of  heat  developed. 


For  the  combustion  of 
1  grm.  of 

Hydrogen  . 

defiant  gas 

Absolute  alcohol 

Charcoal 

Wax  . 

Rapeseed  oil 

Tallow 


The  temperature  of  1  kilogramiue 
of  water  may  be  raised 

36,40^^ 

12,20 

6,96 

7,29 

10,50 

9,31 

8,37 


Animal  heat. — ^The  temperature  of  the  heat  of  blood  of  all  ani- 
mals is  almost  always  different  from  that  of  the  medium  in  which  they 
live.  The  animals  of  the  polar  regions  are  always  warmer  than 
the  ice  on  which  they  live ;  but  in  the  coimtries  on  the  equator 
they  are  cooler  than  the  glowing  air  which  they  inhale.  Neither 
birds  nor  fish  have  the  same  temperature  as  the  air  or  the  water 
surrounding  them;  the  animal  body  must  consequently  have  a 
peculiar  heat,  which  it  is  constantly  able  to  engender. 
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The  internal  heat  of  the  human  body  ap]>cars  to  be  the  same  for 
all  orgiuiBy  aod  to  be  equal  to  that^  to  which  a  amall  thermometer 
m&BB,  wbea  we  place  the  Iralb  under  tke  tongne  and  dote  the 
noaili  until  it  hm  eoMed  to  nse;  this  temperature  ia  ahoot 
37®  C.  Age,  dimate,  bflatHi,  and  diaeaw,  can  but  slight^ 
affect  it. 

The  blood  heat  is  greater  in  bii-ds  than  in  any  other  animals^ 
amount  in  J?  on  an  average  to  42^^;  the  blood  heat  of  the  mammaUa 
is  very  nearly  e^ual  to  that  of  man.  In  biida  and  the  mammalia 
the  blood  heat  ia  independent  of  the  teo^eratnre  sorronnding  it; 
bat  in  olihar  apedea  of  animala,  aa  the  amphibia,  fidieiy  ko.,  the 
trmpmatnie  of  the  body  varies  but  Httk  from  the  anrroiinding 
medium. 

What,  then,  is  the  suurce  uf  animal  heat  ?  The  air  which  we 
inhale  becomes  changed  in  the  same  manner  as  the  air  that  has 
aerved  in  the  eombniition  of  bodies ;  the  oxygen  being  conyerted 
into  carbonic  acid,  and  a  regnkr  process  of  combustion  being  thna 
eanied  en  in  the  famgik  Since  Imomer  made  thia  diaeovecy^  the 
aonee  of  ammal  heat  has  eeased  to  be  a  mystery.  Caibonis 
brought  into  the  body  with  the  food,  and  is  then  combined  in  the 
lungs  with  the  oxygen  of  the  inhaled  air.  By  the  oxidation  of 
carbon  in  the  animal  body,  the  same  amount  of  heat  must,  how- 
ever, necessarily  be  engendered  as  if  the  carbon  had  been  converted 
by  rapid  combustion  into  earbonie  acid. 

In  a  ecdd  medimn,  men  and  animala  eonatantly  kae  mofe  heat 
dianinawanMr  atmoephere;  aa,  hom?er,  the  bkod  heat  in  the 
mammalia  and  in  birds  is  independent  of  the  temperature  of  the 
air,  it  is  evident  that  more  heat  must  be  engendered  in  the  body  if 
a  greater  quantity  be  witlulrawn  every  moment  from  it,  and  more, 
consequently  when  the  body  is  in  a  colder  air,  than  when  it  gives 
Ibcth  bat  little  heat  in  a  warmer  medhun.  Li  order^  however,  to 
be  aUe  to  engender  nme  heat  in  the  same  penoda  of  time,  moie 
caiboB  moat  be  introdneed  into  the  body^  by  the  oizidation  of 
which  aobstanee  heat  is  developed:  in  the  same  manner  as  we 
must  consume  more  fuel  in  a  stove  during  cold  weather  than 
during  a  less  intense  degree  of  cold,  in  order  to  nuiintain  a  con- 
stant and  fixed  temperature  in  the  apartment.  Thus,  too,  we  may 
nndastand  why  the  inhabitants  of  northern  countries  reqoire  to 
pmtake  of  men  food,  and  eapeeia%  of  the  kind  eontaining  a 
greatar  ainonnt  of  eaibon,  thai  ia  neeaaaary  Ibr  thoae  who  live  in 
hotter  lonea. 

Development  of  heal  by  mechanical  means, — We  have  already 
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stated  that  heat  is  liberated  by  the  compressioii  of  air ;  and  when 
this  is  rapidly  effected,  a  very  considerable  elevation  of  tempera- 
ture may  be  broiiirht  about,  on  whicb  depends  tbe  pneumatic 
tinder-box.  fluids  that  do  not  admit  of  atnxng  compression  shorn 
but  an  ineonaiderable  elevatkm  of  tamp«>tiu'o>  Solftd  bodiea  are 
oftad  ffstf  mndi  bcactod  by  oomprawoDy  no  nay  obawo  in 
the  caae  of  bammering  mefeab  and  atiilang  ooina.  It  bee  not  yet 
been  determined  with  certainty  whether  the  elevation  of  the  ton* 
perature  of  solid  bodies  by  compression  must  likewise  be  ascribed 
to  tbe  circumstance,  that  their  heat  is  smaller  with  a  greater 
degree  of  denai^  and  that  consequently,  a  part  of  the  heat,  which 
IB  mamtamed  m  tibem  aa  apeeifie  beat^  eaeapea  m  a  yeneptitic 
Ibnn  on  tbenr  beings  oompKOMed* 

Tbe  eonaidenfale  devationa  of  tempcratara  occaAaed  by 
tion  are  generally  known.  Tlie  von  tire  of  a  wheel  oHen  beeoBMO 
so  heated  that  it  ^ill  hiss  ou  coming  into  contact  with  water;  dry 
wood  may  be  ignited  by  friotion,  and  an  iron  nail  may  be  brou^rbt 
into  a  state  of  white  heat  on  being  held  against  a  moving  grind- 
atone  of  7^  feet  in  diameter.  At  the  pieaent  time  we  aie  viable 
to  afibfd  a  aatia&ctofy  ffiplanation  of  tbeae  pbenomna. 

neardieai 99ew9  canemm^  kmiJ^ — Webave  beeoaw  aeqimiiiled 
with  tbe  moat  important  laws  of  the  phenomena  of  beat,  wkbovt 
baving  entered  upon  the  question  of  wbat  heat  really  is.f  In  tbis 
respect,  therefore,  the  theory  of  heat  has  been  treated  precisely  m  | 
the  aame  manner  as  the  iiiat  part  of  the  theory  of  light,  where  the 
empirical  laws  of  reflection  and  refraction  were  developed,  witboot 
anything  fbrtber  being  aaid  of  tbe  nature  of  ligbt.  We  aie^  boiF* 
atin  deficient  in  a  ibeorf  ficom  wbidi  tbe  pbcnomcna  of  beat 
may  be  derived,  (as  the  pbenomma  of  light  from  tbe  wave  tbemy) 

not  only  qualitatively,  but  also  quantitatively. 

We  generally  imagine  that  heat  is  an  imponderable  substance, 
peuetratmg  bodies:  and  this  idea  answers  very  well  for  many 
phenomena;  as,  for  instance^  the  combination  of  beat,  and  tbe 
fapagity  foe  condneting  beat,  affiotding  na  a  good  rrpfranwlatifflni  of 
tbeae  phenomena  tbe  eipreaaiona  bei^  baaed  npon  tbia  view.  H 
howerer,  tbe  phenomena  of  tbe  capacity  for  condneting  beat,  of  | 
latent  heat,  and  of  diifusion  of  heat,  accord  tolerably  well  with  the 
idea  of  a  substance  of  heat ;  it  is,  on  the  other  band,  very  impro- 
bable that  there  are  such  substances,  and  more  likely  that  impon- 
deiahlea  will  all  vaniab  from  pbyaica,  aa  baa  akeady  been  tbe  cam 

m  Gnlm'i  «<BbaieBlt    Ctanbtry,"  2ad  BdStton,  81a.  1847. 
t  TlMMiMart  H«afc  nd  Bleelridty,'' Slid  BditkMs  8m  1848. 
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With  respect  to  M^ht,  In  the  theory  of  heat,  the  most  important 
step  made,  is  probably  that  which  corresponds  to  the  mtroductiou 
of  the  tlieocy  of  vibratioa  in  the  case  of  light. 

are  aome  phenomeitt  wbieh  cannot  be  reconciled  with  tbe 
newa  of  hmi  being  a  anbataace;  for  inatanee,  xadiaitioii  and  the 
generatiMi  of  heat  by  ftietioD* 

The  laws  of  the  radiation  of  heat  are  so  similar  to  those  of  the 
radiation  of  light,  that  we  are  tempted  to  ascribe  the  Ibrmer  hke- 
wise  to  a  vibration  of  ether.  If,  however,  radiating  heat  were 
transmitted  by  the  vibrations  of  ether,  perceptible  heat  must  like- 
wiae  be  oeeaaioned  by  the  Tihrationa  of  the  material  parte  of  bodiea. 

That  the  phenomena  of  heat  aetoally  arise  from  such  vibrationa, 
la  very  probable^  althoogh  we  are  not  able,  even  in  a  satisfactory 
degree,  to  explain  all  phenomena  of  heat  on  this  hj-pothesis;  and 
we  are  still  nnable  to  dispense  with  the  idea  of  a  substance  of  heat 
in  our  representations  and  descriptiooa. 

In  order  to  explain  the  phenomena  of  heat  by  iribrationa,  we 
must  aaamne  that  the  temperature  of  bodiea  inereaaea  with  the 
mmplitnde  of  the  oacillationa;  and  by  aoeh  meana  we  may  alao 
explain  expanaion  by  heat. 

The  number  of  the  vibrations  is  increased  on  the  transition  from 
the  solid  to  the  fluid,  and  from  the  latter  to  the  gaseous  condition. 
An  increase  in  the  number  of  the  vibrations  is,  with  an  equal 
amoont  of  motion,  alcme  possible  when  the  amplitude  ia  kaa;  and 
thus  we  wmj  eq^kin  the  combination  of  heat 
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SECTION  VllL 

METEOROLOGY.* 


CHAPTER  L 

DltTELBUTlON  Of  HBAT  OM  THB  SAATH's  SURFACE 

Tu  Imtmg  of  the  airth'i  iiie£m^  and  of  the  atmoepheic^  bj 
whkh  akme  the  ▼q;;etaUe  and  animal  world  can  thrir^  ia  ahne 
owing  to  the  niya  of  the  ran,  whidi  must  thus  be  regarded  aa  die 

source  of  all  life  upon  our  planet.  Where  the  mid-day  sun  standi 
vertically  above  the  heads  of  the  inhabitants,  and  its  rays  strike 
the  earth's  surface  at  a  right  anp;lc,  a  luxuriant  vegetation  is 
developed^  if  a  second  condition  of  ita  existenoe,  namely,  moisture, 
he  not  wanting;  but  where  the  aolar  laya  eonatantly  ftU  too 
obliquely  to  piodooe  any  marked  effect,  nature  ia  ehained  in 
eternal  ioe,  and  all  animal  and  Tegetable  life  eeaaea. 

In  order  to  take  a  general  survey  of  the  distribution  of  heat 
on  the  earth's  surface,  we  must,  in  the  first  })lacc,  investi^tc 
the  consequences  produced  by  the  diumai  and  annual  motion  of 
the  earth. 

In  oonaeqiienee  of  the  annnal  motion  of  the  earth,  tlie  aon 
eootmoaUy  ahenita  apparent  pontion  in  the  heavena;  I3ie  patt 
whieh  it  travenes  during  the  year  panea  through  twelve  eon* 

stellations,  called  the  signs  of  the  zodiac. 

If  we  suppose  the  vault  of  heaven  to  be  one  large  concave 
sphere,  the  path  of  the  sun  will  describe  a  large  circle  upon  it, 
generally  known  by  the  name  of  the  elliptic.  This  line  doea  not 
coincide  with  the  cdeetial  eqaator,  inteneeting  it  at  an  ai^ 
of  28^  28'. 

Twice  in  the  3rear,  namely,  on  the  diet  of  March,  and  on  ths 

♦  The  want  of  spacp  prevents  this  imporUnt  subject  bring  treated  as  fully  bert  u 
it  deserves.  The  reader  is  therefore  referred  to  the  excellent  translation  of  K  aemtt'i 
Ctmipiete  Coune  qf  Meteoroiogyf  with  Not^  by  C.  V.  IVaUter,  iliu&tnu«<i  wiib  l& 
piM.  Iiondoa,  ia4S. 
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dlst  of  September^  the  sun  passes  the  celestial  equator.  From 
March  till  September  it  is  on  the  north,  and  fnm  September 
to  Mardi  en  ihe  sooth  bemispheie;  on  the  21rt  of  Jmie  it 
xcadiea  He  most  northern^  and  on  the  Slst  of  Beoembcr  ita  moal 
southern  point ;  being  on  the  first-named  day  at  23^  28'  northj  and 
the  last-named  at  23^  28'  south  of  the  celestial  equator. 

The  direction,  of  our  earth's  axis  coincides  with  the  axis  of  the 
beavena,  the  plane  of  the  terrestrial  equator^  with  that  of  the 
oekstia]  eqnator;  if,  therefore^  the  ran  stand  directly  npon  the 
cieleatial  eqoator,  ito  nsp  strike  the  earth'a  soifiioe  at  every  plaea 
vjpan  the  terrestrial  equator  perpendienlarly  at  mid-day,  whilst 
tliey  only  glance  over  the  two  terrestrial  poles,  striking  the  parts 
contiguous  to  them  very  obliquely. 

If  we  suppose  two  circles  to  be  drawn  upon  the  earth's  surface 
parallel  with  the  equator,  one  23^  28'  north,  and  the  other  equally 
ftr  KNitli  of  it,  the  former  will  be  ike  inpk  of  Ctmeer,  and  the 
Isfttcr  the  irqjpie  of  Oyrtewn.  AU  places  lying  upon  these  tropics 
receive  once  in  the  year  the  son's  rays  perpendienlarly,  this  being 
on  the  2l8t  of  June  for  the  tropic  of  Cancer,  and  the  2l8t  of 
December  for  the  tropic  of  Capricorn. 

The  whole  terrestrial  aone  lying  between  those  two  tropics  is 
termed  the  hot  zone,  because  the  rays  of  the  sun  fidling  but  very 
Utile  obliquely  are  able  here  to  prodoee  the  most  poweifiil 
cneec* 

Heat  is  tolerably  eqnslly  distribnted  thiongfaont  the  whole  year 

on  the  equator,  because  the  sun's  rays  strike  the  earth  rectan- 
gularly twice  annually,  while  they  do  not  fall  very  obliquely 
at  any  time  intervening  between  these  periods. 

The  more  we  spinoach  the  tropica,  the  moK  marked  are  the 
diflcscncss  of  temperatore  at  different  pe&oda  of  the  year.  In 
the  tropics  the  sdar  rays  only  USi  ones  in  the  year  perpendienlarly 
en  the  earth's  surface,  and  once  they  mske  an  angle  of  47^ 
with  the  direction  of  the  plumb  line,  falling,  consequently,  with 
very  considerable  obliquity ;  the  temperature  of  the  hottest  and 
coldest  season,  separated  by  a  period  oi  half  a  yesr«  differ  very 
eonaidembly  from  each  other. 

On  cither  aide  of  the  hot  sone,  CKtcndiiig  from  the  tropica  to 
tile  polar  lones,  (the  polar  sones  are  those  whk^  have  24  boors 
exactly  for  their  longest  day,  and  lie  exactly  60^  W  north  and 
south  of  the  equator),  are  the  northern  and  southern  temperate 
aones ;  the  four  seasons  of  the  year  are  most  strongly  characterised 
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in  these  fonet;  in  gmmi,  huA  jiminiahiw  wMi  the  dkhmce  hm 

the  equator. 

Around  the  poles,  extending  to  the  polar  tropics^  are  the 
northern  and  southern  frigid  zones. 

In  oooaeqaenoe  of  the  rotation  of  the  earth  upon  its  ans,  the 
■on  sppean  to  partieipaite  in  the  qyperent  motion  o£  ell  the 
planets;  end  another  lesolt  of  thia  dioznal  motion,  is  efident^ 
the  altematioa  between  day  and  nigki.  It  is  only  daring  the 
former  period  that  the  solar  rays  warm  the  earth's  surface,  whiA 
after  sun-set  radiates  heat  towards  the  heavens  without  the  lo^s 
of  heat  being  compensated  for ;  during  the  nighty  therefoiey  the 
8ar^M»  of  the  earth  must  be  eoolcd. 

Under  the  equator  the  day  and  night  m  eq[iial  thioa§^MNit  tibe 
year,  eaeh  day  and  night  lasting  12  honxa;  aa  aoon,  honpetcr, 
as  we  remove  from  the  equator,  the  length  of  the  day  rariei 
with  the  season  of  the  year,  the  variation  becoming  more  striking 
as  we  approach  nearer  to  the  poles.  The  following  table  contains 
the  length  of  the  longest  day  for  different  geographical  latiUidca : 


Polar  elevation. 

0 

16^  44' 
80^48' 

730  39' 
90* 


Length  of  the  longest  day. 

12  hours. 
18 


U 
16 

24 


9$ 


1  month. 
3 
6 


99 
99 


At  the  equator,  therefore,  the  variation  in  the  day's  length 
cannot  exercise  any  influence  upon  the  course  of  the  heat  in 
the  different  seasons  of  the  year.  As  the  inequality  in  the  length 
ol  the  days  is  not  Tery  considerable  e?en  nnder  the  tiopiesy  the 
Tariation  in  the  length  of  the  dxy  between  the  tropica  cannot  rtxj 
mwSi  increase  or  diminish  the  differences  of  temperstme  betwun 
the  hot  and  cold  seasons  of  the  year ;  this  is  the  CMC^  to  a  \  eiy 
considerable  degree,  in  high  latitudes. 

In  summer,  when  the  sun's  rays  fall  less  obliquely,  the  son 
remains  longer  above  the  horizon  in  high  latitudes ;  this  kmgar 
period  compensatea  for  what  ia  lost  in  intensity  by  the  aolar  ny^ 
and  it  thna  h^qpens  that  it  may  be  yetj  hot  dnxing  ^ 
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crai  «l  pboes  which  axe  &r  nsiiio?ed  firom  the  equator,  (at 
8t.  Peteraburgh^  for  uutane^  the  thermometer  aomekimea  riaea  in 

s  hot  Slimmer  to  80^) ;  in  the  winter,  on  the  other  hand,  when  the 
more  obhquely  falhng  solar  rays  have  only  little  power  of  acting, 
the  day  is  very  short,  and  the  night,  diu'ing  which  period  the  earth 
radiatea  ita  heat,  extremely  long;  in  conaeqnence  of  which,  the 
temperature  must  fail  very  low  at  thia  aeaaon*  The  difoenee 
between  the  temperature  of  aommer  and  winter  wiU,  therefore, 
generally  be  greater  the  further  we  remove  from  the  equator. 

At  Bogota,  which  is  4'^  35'  N.  of  the  equator,  the  difference 
of  temperature  between  the  hottest  and  coldest  month  amounts 
only  to  2^;  in  Mexico  (19*^  25'  N.  lat.)  this  diflference  is  8",  at  Paris 
(48'  50'  N.  kt.)  27^,  and  for  SL  Fetecaburgh  56'  N. 
kt.)  32^. 

From  the  above  mdicated  oonaidBfationa  it  ioJkrnn,  therefoie : 

1.  Ihat  heat  mnat  ^imlniA  i^m  the  equator  towaida  the 
polea. 

2.  That  in  the  vicinity  of  the  equator  heat  is  distributed 
tolerably  equally  over  the  whole  year,  that  consequeutly  the 
character  of  our  aeaaooa  ceaaea  there  to  be  leoogniaabk. 

3.  That  the  aeaaona  alwsya  differ  mora  in  proportion  aa  we  • 
go  further  from  the  equator,  and  that  at  the  aame  time  the 
diflerenee  between  the  summer  and  winter  ten^Mrature  beoomea 

always  more  considerable. 

4.  That  even  in  the  neighbourhood  of  the  polar  circles,  the 
summer  may  be  very  hot. 

This  we  find  fully  confirmed  by  experienee,  notwithstanding 
whieh^  aneh  a  eonaidmtion  can  only  teadi  na  roughly  to  know  the 
diatiibiition  of  heat  upon  the  earth,  it  being  imposaibky  fiom-  the 
geographical  latitude  of  a  place,  to  draw  any  eondnaioni  even 
remotely  certain,  aa  to  its  climatic  relations. 

If  the  whole  earth's  surface  were  covered  by  water,  or  if  it 
were  aU  formed  of  solid  plane  laud^  poasessing  everywhere  the 
aame  eharaeter,  and  having  an  eqnal  aqpacity  at  all  pkoea  for 
abaoffaing  and  again  radiating  heat,  the  temperature  of  a  plaee 
would  depend  onl^  «n  ita  geographical  latitude,  and,  eonaequently, 
all  places  having  the  same  latitude  would  have  a  like  climate. 
Now,  however,  the  action  that  may  be  produced  by  the  solar 
rays  is  modified  by  manifold  causes,  the  climate  of  one  district 
depf^^'f'g  not  only  upon  the  direction  of  the  solar  rays,  but 
alao  upon  the  ciicnmataneea  under  which  they  aet,  aueh  aa  the 
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oonlbnMitloii  of  1^  knd  nd  the  wem,  ih»  dinetHni  and  heiglit 

of  the  mountain  range,  tlie  direction  of  the  prevailing:  wind,  ice. 
Hence  it  follows  that  places  of  the  same  geographical  latitude  have 
frequently  a  very  different  climate,  and  we  may  thus  easily  see 
that  theoretical  coniidearations  do  not  suffice  as  data,  irom  whence 
to  dnw  oondiiittonf  regMdmg  dimtitic  relatione ;  the  true  distriba^ 
tion  ot  heat  om  the  earth's  Bnrfree^  ean  on^  be  itirfartioiily 
aaeertained  by  means  of  obeerratiotte  eondneted  for  a  piotneted 
term  of  years.  Humboldt  was  the  first  who  entered  here  with 
success  uj)on  the  course  of  induction,  the  sole  and  only  path 
that  leads  to  truth  in  all  physical  sciences.  On  his  voyages  and 
travels  in  both  hemispheres,  he  coUected  with  unwearied  seal  facts 
which,  by  his  excellent  mode  of  eombinbug  them,  have  first  laid  the 
Ibimidation  of  scientific  meteorology^ 

Obmnmiion  of  the  tkenmomeier, — ^In  order  to  be  able  to  obaerve 
accurately  the  temperature  of  the  air  at  different  places,  we  must 
place  a  good  thermometer  in  the  open  air,  upon  the  north  side 
of  a  building;,  and  8  or  4  decimetres  removed  from  the  wall, 
so  that  it  may  not  reeem  the  sun's  rays;  we  must  likewiee 
be  esrefol  that  there  Is  no  white  wall  in  this  neic^bhouiAioodf  firon 
idiidi  rajs  of  heat  may  be  reflected  towards  the  thennomcter. 
If  the  thermometer  shoidd  be  moistened  by  rain,  we  mnst  eare- 
fully  dry  the  bulb  five  miuutes  before  we  use  it,  for  the  suspended 
drops  of  water  would,  by  their  evaporation,  lower  the  temperature 
of  the  mercury  in  the  bulb. 

It  is  often  of  the  greatest  importance  to  metecnology  to  learn 
the  highest  and  lowest  temperature  that  may  have  prevailed 
daring  any  interval,  without  it  being  absolotflfy  necessary  to 
observe  the  exact  moment  in  wbieb  this  maidmum  or  minimum 
occurs.  This  may  be  effected  by  the  thermometroffraph,  repre- 
sented in  fig.  509^  which  consists  of  two  thermometers,  the 

wim.  MS. 
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tubes  of  which  are  placed  horizontally,  and  of  which  one  is  a 
mercurial,  and  the  other  a  spirit  thennometcr.  In  the  tube 
of  tlie  famor  lies  a  sted  pmi  which  is  poalied  through  the  cdnmn 
of  mflmry  idieii  the  mercarj  in  ihelmlb  eipai^ 
the  tkorraometer  is  re-eooled  the  meremisl  oolumn  recedes,  whik 
the  steel  pin  remains  in  the  position  to  which  it  was  pushed 
at  the  highest  stand  of  the  thermometer ;  such  a  thermometer, 
consequently,  yields  the  maximum  of  the  temperature  that  may 
hsTe  prevailed  within  a  certain  period. 

Within  the  tube  of  the  qnrit  themometav  ^  *  fi^MS 
woi,  someirhat  thicker  st  its  eitreaiitiei^  as  may  be  plainty  seen  in 
Fig.  509 ;  this  glass  rod  lies  within  the  eolmnn  of  qnrits,  and  <m 
the  spirit  cooling  in  the  bulb,  and  the  fluid  retreating  in  the  tube 
to  the  first  knob  of  this  rod,  the  latter  will  be  caiTied  away  with  the 
retreating  fluid  column,  when  any  further  sinking  of  the  tem])era- 
tore  occurs,  owing  to  the  adhesion  between  the  gfint  and  the  glass; 
if,  however,  the  fluid  in  the  bvlb  be  again  wsnned,  it  will,  on  the 
xismg  of  the  thermometer,  pass  by  the  rod  without  carrying  it 
with  it;  this  index,  wfaidi  mnst  be  made  of  some  dsrUy  stsbied 
glass,  in  order  to  be  made  more  apparent,  remains,  consequently, 
lyinir  in  the  place  corresponding  to  the  mininum  of  the  tempera- 
ture which  prevailed  within    certain  period  of  time. 

When  the  bulb  of  the  one  thermometer  lies  on  the  right  side, 
that  of  the  other  is  on  the  left,  and  on  inclining  the  whole 
qiparataB,  and  striking  it  gently,  the  steel  rod  will  M  by  its 
wmght  mi  to  the  eohnnn  of  merenry,  and  the  glass  rod  to  the  very 
end  of  the  column  of  spirit.  If  we  leave  the  apparatus  thus 
arranged,  the  steel  rod  will  be  pushed  on  by  every  aseent  of  the 
temperature,  while  the  glass  rod  will  be  drawn  back  at  every 
depression  of  the  temperature. 

This  instmment  is  especially  cslenkted  to  give  the  maiimun 
and  minimvm  of  the  dimrnal  temperatnre.  On  settmg  it  in  the 
proper  manner  every  evening,  we  may,  the  following  evening,  see 
what  has  been  the  highest,  and  what  the  lowest  tempcratui-e 
during:  the  last  24  hours. 

Diurnal  variations  of  teaperaiure. — In  order  to  be  able  accu- 
rately to  follow  all  the  variations  of  heat  in  the  atmoqihere  during 
the  24  boors,  we  most  observe  a  thermometer  at  very  short 
intervals,  as,  for  instsnoe,  from  one  hour  to  another.  If  sueh 
observations  are  to  be  pursued  for  any  length  of  time,  it  is 
evident  that  they  cannot  be  conducted  by  one  sinp:le  indiNidual, 
but  that  many  most  combine  for  the  same  purpose;  in  every  case 
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it  is  yeiy  laborious  to  institute  a  series  of  observatioiis  of  this 

kind. 

From  such  series  of  observations  it  has  been  shown  that  the 
minimnm  of  temperature  occurs  shortly  before  sunrise,  aad  the 
nifi<im«m  a  few  hours  after  12  at  noon,  somewhat  later  in  summer, 
and  somewhat  earlier  in  winter. 

This  coarse  may  be  easily  ei^lained.  Before  noon,  whikfc  Hie 
sun  is  constantly  rising  higher^  the  earth's  surfiice  receives  more 
heat  than  it  radiates  ;  its  temperature  and  that  of  the  atmosphere 
must,  therefore,  increase ;  this  continues  somewhat  beyond  noon ; 
but  as  the  sun  sinks  lower,  and  its  rays  become  less  effective, 
the  heated  earth  radiates  more  heat  than  can  be  supplied  by  the 
solar  rays ;  this  cooling  naturally  continues  after  aonaet,  until  the 
morning-dawn  announces  the  letnm  of  the  son. 

The  diurnal  wiations  in  the  thermometer  do  not  always  foUovr 
ibis  normal  course,  wludi  may  firequently  be  disturbed  by  foreign 
influences,  as,  for  instance,  changes  of  weather,  &c. ;  in  order, 
therefore,  to  ascertain  with  exactitude  the  law  of  diurnal  variations 
of  heat,  we  must  deduce  the  mean  normal  course  from  a 
combination  of  as  many  numerous  observations  as  can  possibly  be 
instituted. 

By  taking  the  mean  of  every  24  hours'  observations,  we  obtain 
the  mean  temperaimre  of  the  day. 
As  it  is  uncommonly  wearisome  and  laborious  to  pursue  for  any 

length  of  time  these  hourly  observations  of  the  thermometer,  it 
is  of  the  greatest  importance  to  meteorology  to  devise  methods  by 
which  the  mean  diurnal  temperature  may  be  ascertained  without 
making  these  hourly  observations.  Twice  in  the  day  the  thermometer 
must  indicate  the  mean  diurnal  temperature;  it,  therefore,  secma 
the  sunplest  to  calculate  the  hours  in  which  sudi  is  the  eaa^  and 
then  limit  our  observations  of  the  thermometer  to  those  periods  of 
the  day ;  such  a  course  may,  however,  easily  lead  us  into  errors, 
since  the  thermometer  varies  most  suddenly  exactly  at  this  time, 
and  we  8lK)uld  thus  commit  a  vers^  considerable  mistake  in  our 
calculations,  if  our  observations  were  made  either  a  little  too  early 
or  too  late.  A  far  more  correct  result  is  obtained  by  observing 
the  thermometer  at  several  mmiiar  hours,  for  instance^  at  4  and  10 
A.M.,  and  at  4  and  10  f.Mw;  this  method  is,  as  Brewster  has 
shown,  correct  to  V,>th  of  a  degree;  we  likewise  obtain  every 
useful  result  by  making  our  observations  at  7  a.m.  at  noon,  and  at 
10  P.M.,  and  then  taking  the  mean  of  these  three  j)eriods. 
The  mean  of  the  highest  and  lowest  degree  of  the  thermometer 


Digitized  by  Google 


MSAN  TBMPXMATUU  OV  THB  UOHTBM. 


505 


during  the  24  hours  varies  so  inconsiderabiy  itom  the  actual  mean 
tempenitaie  derived  isam  hourly  obaemitkRiis,  that  we  may  mm 
caiily  eompufte  tbe  mean  dimmal  temperature  I17  aid  of  the 
tlMnBonetiograph  deaeribed  at  page  600. 

Mum  iemperaimt  «f  Me  moMf,  tmd  of  the  pear, — When  we 
know  the  mean  temperature  of  all  the  clays  of  a  month,  we  have 
only  to  divide  the  sum  of  the  mean  diurnal  temperatures  by  the 
number  of  days,  ,  in  order  to  obtain  the  mean  temperature  of  the 
monih. 

On  taking  the  arithmetical  mean  from  the  mean  temperature 
^Mmd  ftr  Ae  12  montha  of  the  year^  we  ohtain  liltf  aum  temperth' 
imre  efike  year. 

In  order  to  determine  with  exactness  the  mean  temperature  of  a 
place,  we  must  take  the  mean  of  the  mean  temperatures  obtained 
from  a  large  aeries  of  cakulationB*  In  general,  the  mean  annual 
tenqwcmtinrea  do  not  mj  much,  so  that  we  ohtain  the  mean 
tOBperatore  of  a  place  widi  tokmble  accuracy^  even  when  we  only 
know  it  for  a  few  yean.  For  Ftoia  the  mean  temperaturea  of  the 
yean  intervening  between  1808  and  1816  were  as  follows  : 


10,5« 

10,3« 

9,9» 

11,1 

10,6 

9,7 

9,7 

10,5 

10,5 

11,9 

10,6 

9,6 

10,8 

9,9 

The  higheat  of  theae  mean  annual  temperatures  varies  only 

about  2,3"  from  the  lowest.  On  taking  the  mean  of  these  14 
numbers,  we  obtain  as  a  mean  temperature  for  Paris  10,2^,  whilst 
the  amount  derived  £rom  a  series  of  30  annual  mean  temperaturea 
is  10,80. 

In  order  to  find  the  true  mean  temperatme  of  a  month,  we 
moat  know  tUe  mean  temperature  of  thia  month  fer  a  aeriea  of 
years,  and  take  the  mean  of  theae. 

The  greatest  heat  generally  occurs  in  our  latitudes  some  time 
after  the  summer  solstice,  and  the  greatest  cold  some  time  after 
the  wmter  solstice. 

Mif  is  on  an  average  the  hotteit,  and  Jammry  the  coldest 
month.  II  the  period  of  the  hig^ieat  and  loweat  temperature  ia 
not  enedy  the  aame  aU  plaoea  of  the  aame  hemisphere,  the 
ddferenee  la  only  oceasioned  by  local  mfluenoes. 

We  may,  on  an  average,  eonsider  the  26th  of  July  as  the 
hottest,  and  the  1  Ith  of  Janiiai-y  as  the  coldest  day  of  the  year 
for  the  temperate  zone  of  the  northern  hemisphere. 
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It  has  been  proved  from  munefouB  obeervetioiis  on  tempentuiB^ 
tbat  the  mean  annual  temperature  generally  occurs  on  the  24th  of 

April,  and  the  2l8t  of  October  in  the  northern  temperate  zone ;  the 
annual  course  of  the  heat  in  these  parts  is  therefore  as  follows. 
The  temperature  rises  from  the  middle  of  January  at  first  slowly^ 
more  rapidly  in  April  and  May,  and  again  more  slowly  until  the 
middle  of  Joly^  from  which  period  it  diminiahen^  bfat  slowly  in 
Angnst,  mm  rapidly  in  September  and  October^  finally  reaching 
its  mfnimnm  again  in  the  middle  of  January.  This  admits  of  an 
easy  explanation.  When  the  snn,  after  the  winter  solstice,  ao:ain 
ascends,  this  ascent  goes  on  so  slowly,  and  the  days  increase  so  little, 
that  as  yet  no  more  powerful  effect  from  the  sun's  rays  is  possible.  - 
On  this  account,  the  minimum  of  the  yearly  temperature  occurs 
after  the  winter  solstice;  a  rise  of  temperature  first  takes  place 
when  the  son  has  retomed  somewhat  ftrther  north.  Aboot  the 
time  of  the  eqninoiBBy  the  son's  progress  in  the  heavens  towards 
the  north  is  quickest :  the  increase  of  temperature  for  this  reason 
is  at  this  time  the  most  perceptible. 

\Mien  the  sun  has  attained  its  highest  position,  the  earth  has 
not  yet  become  so  warmed  that  the  heat  which  the  ground  loses  by 
radiation  is  equal  to  the  quantity  of  heat  which  it  receives  irom  the 
son's  rays ;  the  balance  would  only  be  restored  after  the  sun  had 
remained  a  longer  time  at  its  northern  solstice.  But  now  the  son 
goes  back  after  its  summer  solstice,  very  slowly  at  first.  The  effect 
of  the  sun's  rays  is  Ibr  some  time  quite  as  powerful  as  at  the 
moment  of  the  solstice ;  the  temperature,  therefore,  will  still  rise 
after  the  longest  day,  and  indeed  even  to  the  middle  of  July,  and 
then  again  fall.  These  considerations  lead  to  the  division  of  the 
year  into  four  seasons. 

The  astronomical  division,  when  the  seasons  are  limited  by  the 
equinoxes  and  solstices,  is  the  most  suitable  to  meteorology.  It 
would  be  better  were  we  to  divide  the  year  ia  such  a  manner,  that 
the  hottest  month  (July)  should  fall  in  the  middle  of  summer,  and 
the  coldest  month  (Januar)')  in  the  middle  of  winter.  According  to 
this,  winter  would  include  the  montlis  of  December,  January',  and 
February ;  spring,  March  April,  and  May ;  summer,  June,  July, 
and  August;  and  autumn,  September,  October,  and  November. 
Acoorduig  to  this  signification  we  must  understand  the  seasons 
given  in  the  following  table,*  which  contauis  the  mean  annual 
temperature,  mean  temperature  of  individual  years,  and  the 
hottest  and  coldest  months  for  a  large  number  of  places  scattered 
over  different  parts  of  the  earth's  surface. 
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Hie  nimibm  of  thk  table  are  only  mean  niimben^  from 

the  trae  temperature  inclines  sometimes  towards  one  side, 
times  towards  the  otlicr,  and  thus,  too,  the  mean  temperatures  of 
the  hottest  and  coldest  months  by  no  means  indicate  the  lim  U 
between  which  the  thermometer  may  fluctuate  at  one  and  the  aame 
apoi.  It  thaa  bafvpoiay  that  even  in  diatrieta  enjoying  m  mm 
dimate  and  a  mild  winter,  an  extraoidinary  degree  of  eold  la  oftoi 
Mi}  tbna,  for  inatanee,  in  the  year  1507  tiie  barbonr  of  Maraallei 
waa  frozen  over  its  whole  extent,  fbrirliich  a  cold  of  at  least,  —  18*^ 
was  requisite ;  in  the  year  1658,  Charles  X.,  with  his  whole  army 
and  their  heavy  artillery^  crossed  the  little  Belt.  In  1 709  the  Gntf 
of  Venioe,  and  the  harbours  of  Maraeillea,  Genoa,  and  Cette  wore 
£Eoaen  o?er;  and  in  1789  the  thennomiBter  ML  at  liaraeillea  to 
—  27®.  The  following  table  giyea  the  hif^ieBt  and  lowcat  de^ou 
of  temperature  obaerved  at  diflbrent  plaeea. 


Minimum. 

21,6 


Snxinam 
Fondieberry 

Esna  (Egypt) 
Cairo  . 
Rome 
Baria  . 
Prague 
Moacow 

F<MrtBelianoe(N(HrihA 

deviationa  from  the  normal  annual 


9,1 

—  5,9 

—  23,1 

—  27,5 

—  88,8 
0—66,7 


82,9» 
44»7 

47,4 

40,2 
38,0 
38,4 
35,4 
82,0 


11,0^ 
23,1 

31,1 
43,9 
61,5 
62^ 
78,8 


meof  beat 

do  not  oocor  locally,  bat  are  scattered  over  wide  diatrieta;  tlna^ 

for  instance,  the  winter  of  1821  and  1822  was  very  mild  in  Europe, 
but  in  the  December  of  the  latter  year  a  severe  cold  preMiiK  il  over 
the  whole  of  Western  Europe,  a  similar  very  considerable  devia- 
tion never  has,  however,  been  apread  over  an  entire  hemisphere. 
The  nortbem  bemispbere  is  generally  divided  in  a  northern  to  a 


■ 

which 


aoutbem  direction  into  two  babrea, 
from  the  normal  temperatore  may  be  obaerved;  tbeae  deviationa  are 

greatest  in  the  middle  of  the  two  halves,  while  a  more  average 
temperature  is  perceived  where  they  approaeh  each  other. 

Thus,  in  Ifebruary,  1828,  it  was  vei-y  cold  in  Kasan  and 
Irkutsk,  unusually  mild  in  North  Ameriea,  whilst  Europe 
remained  nnaffwted  between  tbeae  two  oppoaite  deviatioiia.  In 
December,  1820,  tbia  maximnm  of  edd  inclined  towarda  Beriin, 
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while  it  also  continued  to  be  very  marked  at  Kasan ;  in  North 
America^  however^  the  weather  was  unusually  mild,  but  in  Decem- 
ber, ISSl,  the  excessive  cold  was  limited  to  A"ifr»^-  General^ 
speakkub  these  devkitkvDs  from  the  of  heat  «e 

obecrod  to  be  mnilar  in  Europe  and  Aria,  and  oppoaite  in 
Amenca. 

Frequently,  although  not  so  remarkable^  the  boundary  line  of 
opposite  deviations  runs  from  east  to  west. 

A  deviation  from  the  mean  temperature  often  continues  for  a 
long  time  in  the  same  diiectioii.  Thus,  from  Junc^  1815,  to  the 
Beoembor  of  1816^  there  prefailed  in  Europe  an  nnnnially  low 
degree  of  tempefator^  ivhieh  ooeanoned  the  fiufanei  in  the  eropa 
in  1816 ;  1822  was  a  remarkable  year  for  the  Tines,  the  unnsnal 
beat  continuing  then  from  November,  1821,  to  November,  1822. 

From  this  it  follows,  that  the  opinion  so  prevalent  of  a  cold 
winter  succeeding  a  hot  summer,  and  a  warm  winter  a  cold  summer. 
Is  altogether  emmeons,  since  the  contrary  often  occurs,  as  may  be 
seen  from  tiie  eiamples  above  given;  thns,  too,  the  hot  somraer  of 
1884  soeeeeded  a  very  mild  winter. 

These  deviations  from  the  mean  range  of  heat  are  more  marked 
in  winter  than  in  summer. 

From  all  this  it  appears  highly  probable  that  the  same  quantity 
of  beat  is  always  distributed  over  the  earth's  surface,  although 
unequally.  A  cold  winter  is  the  consequence  of  a  long  prevalenoe 
of  DOfth-east  windi^  and  a  cold  smmner  is  induced  by  the  eonti- 
nnanee  of  south-west  winds;  these  sUemating  eidoslvely  prevalent 
currents  of  air  being,  as  Dove  has  shown,  the  controlling  agents  in 
the  relations  of  weather.  If  a  hot  summer  is  to  succeed  a  cold 
winter,  the  north-east  wind  must  prevail  throughout  tlic  whole 
year ;  while,  on  the  other  hand^  the  wind  must  blow  chiedy  from 
the  sonth-west  for  Uie  same  qpaoe  of  time  to  bring  a  cold  sommer 
after  a  mild  winter. 

iMBikarnud  Kne$.^A  tsble  of  the  kind  given  at  page  507, 
contains  many  of  the  elements,  from  which  we  may  calculate 
the  distribution  of  heat  over  the  earth's  surface.  At  all  events, 
we  may  see  from  such  a  table  that  all  places  lying  under  the  same 
degree  of  latitude  have  not  the  same  mean  temperature.  Thus, 
for  instance,  the  mean  annual  heat  at  the  North  Cape  is  — 0,1^; 
whilst  Nain,  on  the  coast  of  Labrador,  has  a  mean  annnal  tempera- 
tare  of  — SfiP,  although  Labrador  is  I4f  south  of  the  North 
Cape.   Humboldt  was  the  first  to  give  us  a  dear  view  of  the 
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distribution  of  heat  over  the  earth,  raakine:  u?ie,  for  this  purpose, 
of  bit  isotliermal  Imu^  by  which  he  eoimected  together  all  such 
places  in  tlw       hnnplMre  hvnii|p  cqusl  moiii  amnud  fawwifc— 
turn. 

make  a  journey  round  the  earth  in  such  a  manner  as  to  visit  aD 
places  of  the  northern  hemispheres  which  have  the  same  mean 
annual  heat  as  Paris,  that  is,  10,8°,  the  course  he  will  thus  pursue 
will  be  a  line  of  equal  mean  mmiuU  heat,  consequently  an  isothermal 
Une;  this  line^  instead  of  ading  with  the  degree  of  ktitttda 

of  Ftoisy  will  be  inegnkr  and  carved^  ptanng  throng^  places 
having  a  very  diAerent  htitn^  from  Paris. 

Fig.  510  represents  the  earth's  surface  in  Mercator's  proportions, 
with  the  isothermal  lines  at  every  5  deg^recs.  At  the  terrestrial 
equator,  the  mean  temperature  of  the  sea-coast  is  27,5°,  although 
somewhat  less  upon  the  western  coast  of  America  and  Africa ;  in 
the  intmor  of  these  two  continents^  espeeially  in  that  of  Afine^ 
the  mean  temperatore  is  higher  Aan  on  tlie  sea  shote^  tiie  ncmi 
temperatiure  of  the  equator  in  the  latter  continent  w  s3)ove  89^. 

All  examination  of  the  cliart  in  Fip:.  510  will  spare  us  a  further 
description  of  the  course  of  the  isothermal  lines.  AVe  obsen-e  how 
considerable  their  curves  become  in  the  northern  hemisphere  the 
further  we  remove  from  the  equator ;  the  isothermal  line  of  0*, 
for  instance,  ascends  from  the  sonthem  end  of  tiie  coast  of  Imhn^ 
dor  across  Iceland  towards  the  North  Cape,  in  order  to  decline 
again  considerably  in  the  interior  of  Asia. 

Where  the  isothermal  lines  incline  the  farthest  towards  the 
south,  they  describe  a  concave ;  and  where  they  ascend  the  highest 
towards  the  noi-th,  a  convex  vertex.  The  southern  taming  points  of 
tiie  isothermal  lines  lie  in  the  east  of  North  Ameriea  and  in  the 
interior  of  Asia»  while  the  northern  toming  pomto  lie  on  titt 
western  coasts  of  Europe  and  America. 

The  relations  of  temperature  of  the  southern  hemisphere  ate  not 
nearly  so  perfectly  known  to  us  as  those  of  the  northern  hemi- 
sphere; we  may,  however,  consider  it  as  established,  that  the 
southern  is  colder  than  the  mMrthem  hemisphere,  although  the 
difference  may  perhaps  be  less  considerable  than  we  are  generaDj 
disposed  to  aasiune  it  The  ciicmnstance  that  baa  probably  con- 
tribnted  to  the  opmion  that  the  sonthem  is  so  mndi  eoMer  thsn 
the  northern  hemisphere,  is,  that  the  relations  of  temperature  of 
the  southcru  part  of  America  have  been  compared  w  ith  those  of 
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like  northorn  btitiidn  m  Euxofpe^  wliere  tke  itollianMil  linBi 
aaoend  ao  vay  oooaidflrably  to  the  norUi;  the  matter  k  icij 

different  when  we  compare  districts  of  Sooth  America  with  thoae 
lying  equally  far  from  the  equator  on  the  east  side  of  North 
America. 

That  the  southern  hemisphere  is  somewhat  colder  than  the 
northern^  arises  probably  from  the  hd,  that  in  the  iomat  witcr, 
and  in  the  latter  land  predominates.  The  eontincnt  is  mndi 
more  healed  hj  the  abaorptioii  of  tiie  ami's  rays  than  the 
which  reflects  a  erreat  portion  of  them. 

Isothermal  nnd  isochimenal  lines. — ^We  have  thus  stated  that  all 
places  lying  on  the  same  parallel  circle  have  not  the  same  climate; 
here,  however,  the  question  arises^  whether  all  places  on  the  same 
iaothermal  lines^  consequently  anch  as  have  the  same  mean  aomial 
heaty  have  likewise  otherwise  eqaal  climatic  lebtioDa.  We  need 
only  look  at  the  table,  page  507,  in  order  to  oonvinee  oor- 
selves  that  such  is  not  the  case.  Thus,  for  instance,  Edinburgh 
and  Tubingen  have  the  same  mean  annual  temperature  of  8,6" ;  at 
the  former  place,  however,  the  mean  temperature  of  winter  is  3,6^, 
at  the  latter  0,2^ :  Tubingen  consequently  has  a  £ur  colder  winter 
than  Edinburgh.  But  then,  again,  the  mean  summer  temperature 
ofTiiUngenial7,l<>pWhileit  ia  md7H4^£ar£dinhmr^  ITidk 
a  like  mean  anniud  temperature,  Edinlmrgh  haa,  therefore,  a  milder 
winter  and  a  colder  summer  than  Tubingen. 

In  order  to  know  the  relations  of  heat  of  a  country,  it  is  not 
sufficient  to  be  acquainted  with  its  mean  annual  temperature,  we 
must  also  know  how  heat  is  distributed  during  the  di£5eraii 
seasons  of  the  year.  This  distribution  may  be  shown  an  i 
isothermal  chart,  by  aetting  down,  according  to  HmmboUfB  ide% 
the  mean  summer  and  winter  temperature  against  the  diflerent 
places  upon  one  and  the  same  isothermal  line,  which  could  not  be 
done  on  our  isutliernial  chart,  owing  to  its  small  size ;  we  shall 
thus  see,  that  in  the  inniicdiate  vicinity  of  the  convex  summit  of 
the  isothermal  lines,  the  difcrenees  between  the  mean  sommer  and 
winter  temperature  are  the  least;  the  same  reaaona,  conaeqiientfy, 
which  cause  the  isotfaennal  linea  iqpon  the  weatem  coaat  of  Europe 
and  America  to  rise  so  far  to  the  northward,  make  the  diflfereaee 
between  the  summer  and  winter  temperature  less  considerable,  i 
A  very  good  idea  of  the  distribution  ot  heat  in  winter  and 
sunmier  may  be  obtained  by  means  of  a  chart,  in  which  all  places 
having  the  same  mean  winter  temperature  are  connected  together 
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by  curved  lines,  as  are  also  all  the  places  that  have  the  same  mean 
summer  temperature.  The  lines  of  like  mean  winter  temperature 
are  termed  isochimenal,  and  those  of  like  mean  summer  temperature, 
isothermal.  Fig.  511  represents  a  small  chart  of  Europe  with  the 
isothermal  and  isochimenal  lines  drawn  at  every  5  degrees. 


no.  511. 


-»-i(y 


+  15 


+  20" 


The  curves,  whose  corresponding  temperatures  are  on  the  right 
side  of  the  chart,  are  the  isochimenal,  and  the  other  the  isothermal 
lines.  We  may  easily  see  from  this  chart,  that  the  western  coasts 
of  the  southern  part  of  Norway,  Denmark,  a  portion  of  Bohemia 
and  Hungary,  Transylvania,  Bessarabia,  and  the  southern  extremity 
of  the  peninsula  of  the  Crimea,  have  the  same  mean  winter  tem- 
perature of  QP,  Bohemia,  however,  has  the  same  summer  heat  as 
the  districts  lying  at  the  mouth  of  the  Garonne,  and  in  the  Crimea 
the  summer  is  far  hotter.  Dublin  has  the  same  mean  winter  tem- 
perature, viz.  5^,  as  Nantes,  Upper  Italy,  and  Constantinople,  with 
the  same  summer  heat  as  Drontheim  and  Finland. 

The  isothermal  line  of  20*^  passes  from  the  mouth  of  the 
Garonne,  nearly  over  Strasburg  and  Wiu-zburg  to  Bohemia,  the 
Ukraine,  the  coimtry  of  the  Don  Cossacks,  somewhat  to  the  north 
of  the  Caspian  Sea ;  how  different,  however,  is  the  mean  winter 
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temperatiiro  at  cliffercnt  places  upon  this  line !  On  the  westt  rii 
coasts  of  France  it  is  5",  in  Bohemia  0",  in  the  Ukraine  —  5*,  and 
■omewhat  to  the  north  of  the  Caspiaii  Sea  even  —  10^. 

Tkt  dmmU  mi  Itmd  mid  id  m.— The  eonndentioii  of  the  lut 
mtsp,  and  the  teUe  at  page  607,  lead  va  to  the  importuifc  difi»- 
rence  between  the  dimate  at  sea  and  en  the  knd,  or  aa  we  may 
also  express  it,  between  the  continental  and  littoral  climate.  The 
dili'erences  between  the  summer  and  winter  temperature  increase 
with  the  distance  from  the  sea ;  on  the  sea-side  the  summers  arc 
cool  and  the  winters  mild,  whilst  in  the  interior  we  lu¥e  hoi 
eummara  and  cold  winten.  Theae  diflfereneea  appear  very  merkfd, 
on  comparing  the  idatione  of  tempenftiire  of  thi  weatem  diotea  of 
Borope  with  thoae  of  northern  Aaia.  In  order  to  be  able  eaeilj 
to  mark  the  relation  of  the  mean  annual  temperature  to  the  distri- 
bution of  heat,  we  have  sat  do\Mi  from  examples  derived  from  the 
table^  page  o07,  the  mean  annual  temperature  iirst^  the  mean 
summer  temperature  aboT^  and  the  mean  winter  temperatue 
below  a  horiiontal  line : 

LilUml  climate.  Contiaenui  rtimrfft 

NotihCiVe  .  .  0,1  Jakosk   .   .  —  9,7  ^^'^ 


Eeikiavig  .   .   -  4,0  -^^a         Irkuak    •   .  —  03'     , !f ^ 
^  — 1,0  —17,6 


MoMow  •  .  —  8,6 


J  6,8 
—10,3 


The  influence  that  sucli  climatic  difTerenccs  must  exercise  upon 
vegetation  is  evident.  Thus,  in  many  parts  of  Siberia,  at  Jakuzk, 
for  instance^  where  the  mean  annual  temperature  is  —  9^70^  while 
the  mean  winter  temperature  ia  — -  88^9",  wheat  and  rye  lie 
raised  upon  a  soil  which  remains  eonatantly  fronn  at  the  depth  of 
S  tet|  while  in  Iceland,  where  the  mean  temponteie  of  the 
year  it  very  nnieh  hif^er,  and  the  winter'a  edid  but  inconaide- 
rable,  it  ie  impoesible  to  raise  any  of  the  cereals,  as  the  low 
summer  temperature  does  not  suffer  them  to  ripen. 

In  the  north-east  of  Ireland,  where  there  is  scarcely  any  ice  or 
firoat  in  the  winter,  at  the  same  latitude  aa  Koni^bcrg,  the  myrtle 
thri?ei  as  wdl  aa  in  Portugal ;  on  the  coast  of  Devonahii^  the 
Camdlm  Jifomea  and  the  AdMi  CbeemM  live  tiuon^ 
winter  in  die  open  air;  the  winter  is  not  eoMer  in  Plymouth 
than  in  Ekvence  and  Montpellier ;  the  vine  will  not  tlirii'e  in 


Digitized  by  Google 


CAUSBS  OF  TBI  CUBVATUM  OF  THE  ISOTHIBMAL  UNB8.  615 

f^g\fnA^  however,  for,  although  it  can  endure  a  tolerably  strong 
dftgne  of  odd,  it  requires  a  hot  smniner  to  make  the  fruit  ripen 
and  yield  a  drinkable  wine. 

These  differences  aie  owing  to  the  more  easy  absorption  and 

radiation  of  heat,  which  becomes  heated  and  again  cooled  more 
rapidly  than  the  sea,  which  by  the  continent  is  everywhere  of 
an  uniform  nature,  and  from  its  transparency  and  the  consider- 
able amount  of  specific  heat  of  water,  is  neither  so  rapidly  heated, 
nor  80  speedily  deprived  of  the  heat  it  has  onoe  aeqnired.  The 
temperatave  of  the  soxfiioe  of  the  sea  la  on  that  account  far  more 
nnifonn,  the  diurnal  as  wdl  aa  the  annmal  alternations  are 
incomparably  less  than  in  the  middle  of  lar^e  continents,  whence 
arises  the  above-mentioned  difference  between  the  climate  on  the 
land  and  at  sea ;  it  is  likt^wise  augmented  by  the  sky,  which  is 
moatly  overcast  on  the  shores  of  countries  lying  towards  the  north, 
and  tempeta  the  heating  influence  of  the  solar  raya  in  summer,  and 
diecks  the  eicessive  cooling  of  the  earth  in  winter  by  radiation 
ofheal« 

Causes  of  the  curvature  of  the  Isothermal  lines. — The  most 
important  causes  that  contribute  to  the  curvature  of  the  isotlicrmal 
lines  so  much  to  the  north  on  the  western  shores  of  Europe  and 
America,  are  essentially  as  follows : 

Jn  tlie  norlhem  temperate  lone,  sooth-west  and  north-east 
winds  prevail.  The  former  come  from  the  equatorial  districts, 
and  partially  bear  the  heat  of  the  tropics  towards  colder  regions ; 
this  warming  influence  of  the  south-west  winds  is,  however, 
most  marked  in  those  districts  which  are  tlie  most  ex])Osed  to 
south-western  currents  of  air,  and  thus  we  see  why  it  is  that  the 
western  shores  of  great  continents  become  warmer  than  the  eastern 
eoast%  and  that  the  isothermal  lines  in  Europe^  which  is  actually 
only  a  peninsular  prolongation  of  the  Asiatic  continent,  and  on  the 
western  shores  of  North  America,  ascend  further  to  the  north 
than  in  the  interior  of  Asia,  and  on  the  eastern  shores  of  North 
America. 

A  second  cause,  to  which  Europe  owes  its  relatively  warm 
climate,  is  this,  that  in  the  equatorial  region  it  is  bounded  towarda 
the  south,  not  by  a  sea,  but  by  an  eztenrive  continent,  Africa, 
whose  vast  extent  of  desort  and  sand  render  it  extremely  hot  when 
exposed  to  the  vertiesl  solar  rays.  A  warm  current  of  air  rises 
continually  fiom  the  glowing  hot  sandy  wastes,  to  descend  agaui  in 
Europe. 
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'  nnally,  the  eanent  known  by  tiie  name  of  the  Chilf  SOtetm 

contributes  considerably  to  make  tbc  European  climate  mildir. 
Tlic  origin  of  this  current  is  to  be  sought  for  in  the  Gulf 
of  ^Icxico,  where  the  water  is  at  a  temperature  of  31^.  Issuing 
from  the  Gulf  between  Cuba  and  Fkoridai  the  stream  at  first 
aldrta  the  American  ahora^  and  then,  as  it  oomea  into  hi^icri 
latitodea,  turns  witih  decreasmg  temperatore  eastwatd  towndJ 
Europe.   Although  the  Gulf  Stream  does  not  aetoally  rmA  tlie' 
shores  of  Euro])c,  it  luverthckss  distributes  its  heated  waters, 
under  the  iniiuence  of  the  prevailing  south-west  winds,  to  the 
European  waters^  as  is  proved  by  our  findings  on  the  western 
shores  of  Iidand  and  on  the  coast  of  Norway,  the  fimits  of  trees 
that  grow  in  the  hot  lone  of  America;  the  west  and  aoiithi 
winds  lemainy  therefoif^  long  in  ocmtaet  with  a  sea  water,  whose! 
temperatnre  between  46  and  50  degrees  of  latitade  does  not' 
even  in  January  sink  below  from  10,7  to  9*^.    Northern  EurojK 
is  thus  st])arated  by  the  influence  of  the  Gulf  Stream  from  the 
circle  of  polar  ice  by  means  of  a  sea  free  from  ice ;  even  at 
the  coldest  season  of  the  year  the  limits  of  polar  ioe  do  not 
reach  the  European  shoves. 

Whilst  all  eireomstaaeea  thns  oomhine  to  raise  the  temperatnre 
in  Europe^  many  causes  contribute  in  Northern  Asia  to  lower  the 
isothermal  lines  veiy  considerably.  In  the  south  of  Asia  there 
ai'e  no  extensive  districts  of  land  between  the  tropics,  but  merely 
a  few  peninsulas  comprised  within  this  zone ;  the  sea,  however, 
does  not  betx)ine  so  much  heated  as  the  Afiican  deserts,  pv^T 
because  the  water  absorbs  rays  of  heat  to  an  inoonqwahly  smaller 
extent,  and  partly  also  beerase  a  great  quantity  of  heat  goes  off 
in  the  latent  state,  owing  to  the  constant  evaporation  of  water 
ft-om  the  surface  of  the  sea.  The  warm  currents  of  air,  which, 
rising  from  the  basin  of  the  Indian  Ocean,  would  convey  the 
heat  of  the  tro))ics  to  the  interior  and  north  of  Asia,  are  impeded 
in  their  course  by  the  huge  mountain  ranges  in  the  south  of  Aa% 
whilst  the  land,  which  gradually  flattens  towards  the  north,  is  left 
exposed  to  the  nordi  and  nordi-east  winds.  While  Bnrope 
does  not  stretch  far  northward,  Asia  penetrates  a  considerable 
way  into  the  Arctic  Sea,  which,  deprived  of  all  those  heating 
influences  by  which  the  temperature  of  the  European  seas  is 
raised,  is  almost  always  covered  with  ice.  In  every  direction 
the  northern  shores  of  Asia  penetrate  the  wintry  limita  of 
the  polar  ice,  the  summer  boundEoy  of  which  is  on^  lemorad 
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iDrmthort  tame  and  at  a  few  places  from  the  coasts;  that  this 
arramstaiioey  however^  mnst  considerably  lower  the  temperatnre^ 

be  easily  understood  when  we  consider  how  muck  heat 
oecomes  latent  by  the  fusion  of  such  masses  of  ice. 

The  considerable  depressioa  of  the  isothermal  lines  in  the 
iotefior  and  upon  the  eastern  shores  of  North  Amecica,  depends 


IJ 

■1 

sindi^  are  therefoce  mial^  any  longer  to  diffiise  the  milder 
nflneoee  ^bmt  they  esert  upon  the  western  shores.   Whilst  the 

Boropean  shores  are  washed  by  warmer  waters,  cold  sca-cm*rents 
come  from  the  north  and  south  towards  the  eastern  shores  of 
North  ^Imenca.  Such  a  cun-cnt,  coming  from  Spitsbergen,  passes 
between  Iceland  and  Greenland,  and  then  combines  with  the 
cmrenta  that  come  from  Hudson's  Bay  and  Baffin's  Bay,  passes 
down  the  ooast  of  Labrador^  past  Newfirandland,  and  empties 
tetf  finally  in  the  Ofdf  Stream  at  4^  N.  lat.  l%is  aietie  current 
bears  the  cold  of  t\\v-  polar  regions,  j)artly  by  the  low  tcmj)erature 
of  the  water,  but  chictly  by  floating  icebergs,  into  the  southern 
districts^  and  thus  becomes  a  main  cause  of  the  considerable 
depresakm  of  the  isothermal  lines  on  the  eastern  coasts  of 
America. 

Tmperahare  </  th»  ground. — We  have  hitherto  only  spoken  of 

the  temperature  of  the  air,  and  not  of  that  of  the  upper  layers  of 
the  ground,  which  vary  considerably  from  the  tcmj)erature  of 
the  air,  accordnig  to  the  nature  of  the  surface.    Where  the 
soil  ia  barren,  deprived  of  vegetable  growths^  stony  or  sandy, 
it  becovnca  frr  hotter  by  the  absorption  of  rays  of  heat  thttt 
one  that  is  corered  with  plants ;  for  instance,  a  piece  of  meadow- 
land  becomes  nmeh  cooler  by  noctnmal  radiation  than  the  air, 
whose  temperature  is  made  more  uniform  by  the  effect  of  con- 
tmued  currents.    In  the  deserts  of  iVfrica,  the  heat  of  the  sand 
often  amounts  to  from  50  to  (>()".    A  soil  covered  with  vegetable 
growths  remains  cooler,  owing  to  the  solar  rays  not  striking  it 
durectly;  the  plants  themselves  eombiney  to  a  certain  degree,  a 
large  amount  of  heat,  whilst  a  qoantity  of  water  is  evaporated  by 
▼egetation ;  but  they  cool  so  considerably  in  their  great  capacity  of 
emission  of  heat  bv  radiation,  as  we  shall  see  when  we  come  to 
speak  of  the  funnation  t)f  dew,  that  the  temperature  of  the  grass 
often  falls  from  6  to  9**  below  that  of  the  air.    In  the  interior  of 
woods  and  forests  the  air  is  constantly  cool,  owing  to  the  thick 
leafy  covering  acting  in  the  same  cooling  manner  as  the  covering 
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of  grass,  and  beesnie  the  eoobd  air  is  precipitated  upon  the  top 

ul'  the  trees. 

The  heat  on  the  uppermost  surface  of  the  ground  can  only 
penetrate  to  the  interior  by  degrees,  owing  to  its  imperfect  capacity 
for  ccmdiicting  heat;  the  deeper  layers  of  the  soil  lose  their  heat 
less  lapidfy  tkm  the  iqpper  onei^  and  thus  at  some  little  dqith  the 
variations  of  temperature  are  less  marked  than  on  the  amftce 
itself.  In  Germany  these  variations  of  temperature  disappear  at  s 
di  pth  of  (j  decimetres,  and  at  a  srreatcr  depth  the  annual  variations 
even  vanish  ;  so  that  a  temperature  prevails  here  difieriug  but  little 
from  the  mean  tem{>erature  of  the  place. 

Althoogh  all  the  beat  upon  the  earth's  sur&ee  eomea  from  the 
son  ahme,  Ae  earth  has  also  its  own  peculiar  beat^as  may  hepwmd 
by  the  increase  of  temperature  ohamed  at  great  deplhs.  If  the 
heat  augment  towards  the  centre  of  the  earth  in  the  same  propor- 
tion as  oiup  ohservations  indicate,  at  the  depth  of  3200  metres, 
there  would  be  a  temperature  equal  to  that  of  boilmg  water,  whde 
at  the  centre  of  the  earth  all  bodies  would  be  in  a  state  of  fusion. 
That  upon  the  surface  of  our  phmet  we  perceive  nothing  of  this 
intense  heat  of  its  interior  may  be  eiplained  by  the  bad  capacity 
ibr  conducting  heat  possessed  by  the  cooled  earth's  croat  whidi 
surrounds  this  glowing  nucleus. 

Springs  that  yield  the  most  copious  sujiply  of  water  \  ary-  but 
little  in  their  temperature  at  the  different  seasons ;  in  our  hemi- 
sphere they  attain  their  highest  temperature  in  S^ptember^  and 
their  lowest  in  March  |  the  differenoe  between  the  two  amoumtiQg 
generally  to  only  1  ov  2^. 

Springs  which  arise  from  a  great  depth  have  a  hr  higlier  tem- 
perature, 8«  is  the  case  with  salt  and  other  mineral  springs.  The 
w  :it<  i'  of  n\any  of  these  salt  springs  hm  ahnoat  the  temperature  of 
the  boiling  point. 

Decrease  of  temperature  in  the  tfpar  regfions  of  the  air. — The 
heating  of  the  air  arises  from  two  eaoaee:  in  the  first  plaee  it 
absorbs  a  part  of  the  rays  of  heat  coming  from  the  aim;  Imtaa 
the  air  abswbs  rays  of  heat  to  a  much  more  ineonstdeiable  degree 
than  the  earth's  surfrce,  the  air  is  likewise  much  less  heated  by 
the  absorption  of  rays  of  heat  than  the  ground;  thus  the  atmo- 
sphere receives  the  greatest  portion  of  its  heat  from  below. 

If  the  air  were  not  an  elastic  fluids  the  density  of  the  atmosphere 
would  remain  the  same  for  all  elevations ;  the  strata  of  air  wwned 
upon  the  surfree  would  ascend  to  the  limits  of  the  aimoq^hec^  and 
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the  uppermost  strata  of  the  air  surrounding  our  earth  would  like- 
wise be  the  warmest.  But  as  the  warm  strata  of  air  expand  in 
their  saoeDt^  heat  is  absorbed  by  this  expansion,  and  their  tempe- 
ntaralowaried:  from  whidi  it  foUowB  lliat  the  higher  strata  are 
theeoldMt. 

We  may  easily  ecmvinee  ourselves  thai  sudi  a  depiessioQ  of 

temperature  actually  occurs  in  the  higher  regions  of  the  air, 
when  we  ascend  iuto  these  regions  by  means  of  a  balloon^  or  to 
the  summit  of  some  high  mountain. 

In  the  Alps  an  elevation  of  180  metres  coneipoiids^  on  an 
ararsge,  to  a  dqwrcssion  of  temperature  of 

Ai  a  eonseqiaeiiee  of  the  deoeease  of  tempentme  with  an 
iucwase  of  aktade,  the  snmmits  of  high  monntams  are  always 

covered  with  snow. 

The  limits  of  perpetual  snow  naturally  lie  higher  in  proportion 
as  we  approach  the  torrid  zone. 

The  height  of  the  snow-line  is  as  follows : 

The  eoast  of  Narwiqr  720  metres 

leehnd  ,      •      .      .  966 


The  Alps 

Mount  Etna 
The  Himalayas 
Mexico  • 
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We  have  already  seen  that  the  pressure  of  the  air  is  measured 

by  the  barometer.  Wc,  however,  observe  constant  variations  in 
this  instrument,  indicative  of  an  alternate  decrease  and  increase  in 
the  pressure  of  the  atmosphere. 

These  wialionB  of  the  thermometer  are  cidier  periodical  or 
aeodentaL 

Periodiesl  Tariations  are  Tery  marked  in  their  diaracter  in  the 

tropics ;  for  instance^  the  thermometer  falls  from  10  a.m.  to  4  p.m., 
then  rises  until  11  p.m.;  falls  again  till     a.m.^  and  again  rises 
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iintfl  10  A.M.  The  barometer  thus  indicates  two  daily  maiima,  at 
10  A.M.  and  at  11  p.m.^  and  two  minima,  at  4  a.m.  and  at  4  r.M. 

The  amount  of  these  diurnal  variations  is  ahout  2"". 

An  annual  period  of  the  fluctuations  of  the  barometer  is  also 
very  strongly  marked  within  the  tropics.  Thus,  north  of  the 
equator  the  barometer  falls  £rom  January  till  July,  and  then  rises 
again  from  July  to  January.  In  July  the  barometer  stands,  on  an 
average^  from  2  to  4  niiUimetres  lower  than  in  Jannary. 

In  h^her  latitudes^  the  accidental  fluctuations  of  the  barometer 
are  so  considerable  as  to  make  one  lose  sight  of  the  trifling  periodic 
variations  presented  in  these  regions.  In  order  to  decide  whether 
there  is  not  also  a  periodical  rise  and  fall  in  the  accidental  oscilla- 
tions of  the  barometer,  it  is  necessary  to  compare  the  mean  num- 
bers of  a  large  series  of  barometic  observations  made  at  regularly 
settled  hours  of  the  day.  If  we  obser?e  the  barometer  for  the 
term  of  a  month  at  several  fixed  hoars  of  the  day^  and  take  the 
mean  of  all  the  observations^  it  will  suffice  to  prove  the  existence 
of  a  diurnal  period  of  the  fluctuatioDs  of  the  barometer  even  for 
our  own  region. 

Observations  of  this  kind  have  proved  that  these  periodical 
oscillations  occur  even  in  our  latitude^  the  barometer  standing  at 
9  A.M.J  on  an  average,  0,7  miUimetres  higher  than  at  2  F.M.; 
the  mean  height  of  the  barometer  is  also  somewhat  less  in 
summer  than  in  winter. 

Comes  of  the  aseUlaiume  m  the  haremeter.'^Thid  cause  of  aQ 
these  oscillations  is  to  be  sought  for  in  the  imequal  and  constantly 
varying  distrilnition  of  heat  over  the  earth's  surface.  As  the 
distribution  of  heat  constantly  varies,  the  equilibrium  is  likewise 
disturbed  at  every  moment,  and  currents  of  air  ariae^  which 
strive  to  restore  the  balance;  the  air  is  thus  in  constant 
motion,  sometimes  more  heated  and  then  hghter,  and  at  other 
times  more  cooled,  and  consequently  denser.  As  it  contains 
sometimes  more,  sometimes  less  vapour,  the  pressure  of  the  columns 
of  air  will  also  be  exposed  to  continual  changes,  indicated  by  the 
barometer. 

That  actual  changes  of  temperature  are  really  the  causes  of  the 
oscillations  of  the  barometer,  is  proved  by  their  being  most  inoon* 
siderahlc  in  the  tropics,  where  the  temperature  varies  so  little; 
in  higher  latitudes,  on  the  contrary,  where  the  variations  of 
temperature  are  always  more  considerable,  the  amplitude  of  the 
accidental  oscillations  of  the  barometer  is  likewise  my  great: 
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even  in  f^iunnier,  when  the  tempenfnre  is  sentrally  ie^  chaoge- 
able,  the  oscillations  of  the  barometer  arv  k-ss  Una  in  winter. 

Altbongb  we  augr  ywiily  sbov  ikai  the  nncqiisl  and  con- 
■tnlfy  wjnv  ftHfOitac  fl£tl»«rMlbeirikiMdbj€i»- 

l»wever,  stQl  hr  ham  hmg  aMe  Mtidiif  twilj  to  oqplak  tbM 

phenomena. 

If  the  air  is  much  heated  at  any  spot,  it  expands,  the 
column  of  air  rises  above  the  mass  of  air,  andxeits  upon  the  cohkr 
parts  surrounding  ii;  the  Mccadfd  air  coonqneBtiy  flows  dT 
lalttiUgrfivm  abate,  Hie  [atjwm  a£  ^  «r  rot  lifiirrMB  1 
wanner  places,  end  tlie  liiiin  mAm;  in  tke  eoUbr  parts, 
however,  the  batemttu  MffWilSj  beenn  ^  kteriDy  diffnaed 
air  in  the  upper  regions  of  the  heated  yhcc^  is  distributed  over 
the  atmosphere  of  the  eooler  parts. 

We  hence  see  why  in  our  durtncts  the  bannneter  stands  on  all 
average  lowest  with  a  south-wot  and  highest  with  a  north-east 
wind:  the  lomer  winds  bring  as  warm,  and  the  kttcreold  air. 
'Wheneter  thcie  it  a  wam  connit  cf  dbr,  the  ■tniPiphtw  mut 
hafe  a  greater  heif^  than  where  the  cold  wind  prevails,  if  the 
pressure  of  the  whole  column  of  air  is  to  be  equal  at  both  places ; 
and  if  such  were  actually  the  case,  the  air  of  the  warm  current 
would  iiow  off  £rota  above,  eonsequently  the  barometer  would  fail 
when  eiposed  to  the  warm,  and  liee  fdien  eq^oeed  to  the  cold. 

In  Smpe  sooth-west  winds  genarsDy  are  the  ones  whidi  iHring 
lam,  becaoie,  eonring  ^nmu  wanner  aeis,  iHbiBj  are  saturated  with 
vapour,  which,  gradually  condensing,  falls  as  rsin  when  the  wind 
reaches  colder  districts.  In  this  condensation  of  vapour  we  have 
another  reason  why  the  barometer  falls  with  the  south-west  winds. 
As  long,  for  instance,  as  the  vi^ur  of  water  as  a  gas  forms  a  eon* 
atitnoit  of  the  atmosphere,  it  contribntes  to  the  atBioq[iheric  pvee> 
on^  and  that  n  portion  of  the  eofaomi  of  mereiny  in  the  ba^^ 
is  iustained  by  the  vapour,  and  ihe  barometer  fidh  when  the 
vapour  is  separated  by  condensation  from  the  atmosphere. 

As  the  south-west  winds,  which  occasion  a  sinking  of  the  barometer 
in  our  latitudes,  bring  a  damp  an:  and  ramy  weather,  whilst  the 
north-east  winds^  which  dry  the  air  and  clear  the  sky,  cause  the 
barometar  to  rise,  we  nu^  si^  that  in  general  a  high  state  of  the 
barometer  mdicateB  fine  weather^  whilst  its  depieiitd  oonditioii 
ioiebodca  the  eontrary.  This  is,  however,  only,  as  we  hafe  before 
remarked,  au  average  rule,  for  the  sky       often  cloudy  with  a 
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north-east  wind,  and  clear  with  one  coming  from  the  aoiith- 

west;  the  statement  is  in  so  far  true  as  that  the  barometer 
stands  high  or  low  according  to  which  of  these  two  winds 
prevails,  the  remark  in  the  latter  case  being  nearly  true  on  an 
avecage*  We  are  miable  to  account  for  such  anomalies^  from 
omr  insufficient  knowledge  of  the  manifold  elements  which  affect 
tiie  condition  of  equilibrium  of  the  atmosphere. 

That  a  high  state  of  the  barometer  generally  indicates  dear 
weather,  and  a  ftU  of  the  merenry  in  the  barometer  tube  the 
contrary,  is  only  true  for  those  places  where  the  warm  wnnds  are 
those  which  bring  the  rain.  At  the  mouth  of  the  river  La  Plata, 
for  instance,  the  cold  south-east  winds  coming  from  the  sea,  and 
which  cause  the  barometer  to  rise,  are  winds  which  bring  rain,  while 
the  warm  north-west  winds,  that  make  the  barometer  hM,  are  dry 
land-windsy  and  bring  dear  weather.  To  the  eanse  that  rain 
is  here  conveyed  by  cold  winds  b  to  be  aseribed  the  small  quan- 
tity of  rain  in  these  regions;  whilst  at  the  same  latitude  on  the 
wcastem  coast  of  South  America  much  rain  falls,  although  here^ 
too,  the  warm  north-west  wind  comes  from  the  sea. 

Ori^  of  the  windg. — ^If  in  winter  we  partially  open  the  door 
na.  612.  of  a  heated  apartment  communicating 

with  ft  oold  spacer  and  hdd  a  burn- 
ing to  the  upper  part  of  the 
ereviee  (as  seen  in  Fig.  512)  the  oat- 
ward  direction  of  the  flame  will  indi- 
cate the  presence  of  a  ciirrent  of  air 
passing  from  the  heated  apartment 
into  the  cooler  atmosphere.  As  we 
move  the  taper  downward^  the  flame 
will  constantly  become  more  and 
more  upright;  until  at  about  the 
middle  of  the  height  it  will  remain 
perfectly  stiU,  being  no  longer  affected 
by  currents  of  air.  On  moving  it 
downward,  however,  the  flame  will  be  driven  inward.  We  thus 
see  that  the  heated  air  flows  out  at  the  top  of  the  loom^  whilst  the 
oold  air  enters  near  the  floor* 

As  here  the  unequal  warming  of  the  two  spaces  ghres  rise  to 
cunentsof  airon  a  smallsealei  so  does  theune^pialandever-diang- 
ing  warming  of  the  earth's  surface  give  rise  to  those  currents  of 
air  which  we  call  winds.    Here,  too,  wc  may  see  the  air  ascend 
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in  the  more  heated  regions,  and  flow  ofF  towards  the  colder  parts, 
whilst  below^  the  air  ilows  from  the  colder  to  the  warmer 
lejj^ions. 

We  hm  ft  ample  ilkurtiatkxii  of  this  in  those  land  and  sea* 
irindsy  wldeh  we  so  frequently  observe  on  the  seft-shof^  especially 
oi  idimds.   A  few  bom  after  sunrise  a  land-wind  sets  in  ftmn 

the  sea,  owing  to  the  land  being  more  strongly  heated  than 
the  sea  by  the  sun's  rays ;  the  air  rises  over  the  land,  and  flows 
towards  the  sea^  while  from  below^  the  air  is  borne  from  the  water 
towards  the  shore.  This  sea-wind  is  at  first  bat  light,  and  only 
pcve^Ue  on  the  eoast;  by  degrees,  however,  it  increases,  and 
then  it  nu^  be  fdt  oat  at  sea  at  a  eoosiderftble  distance  from 
knd;  between  2  and  8  p.m.,  it  is  strongest,  afterwords  dying 
away,  until  at  sunset  a  calm  sets  in.  The  hind  and  sea  are  now 
cooled  by  the  radiation  of  heat  towards  the  sky,  the  former, 
howeveri  more  rapidly  than  the  latter^  and  the  air  then  flows 
towards  the  sea  from  the  lower  legions  of  the  land,  whilst  in 
i^ipositely  directed  corrent  ia  pemptible  in  the  i^»per  regions  of 
the  air. 

A  rapid  condensation  of  atmospheric  ▼qxmr  is  eIk)  to  be 

reckoned  amongst  the  causes,  which  give  rise  to  violent  storms. 
When  we  consider  what  an  enormous  mass  of  water  falls  to 
the  ground  during  a  sharp  shower  of  rain  in  the  course  of 
ft  few  minutes,  and  what  an  enormous  volume  this  water  most 
have  eomprised  when  saspended  in  the  air  m  the  ferm  of  vanoiir* 
it  i^ipean  evident  that  ft  considerable  rirefection  of  the  air 
most  be  occasioned  by  this  sadden  condensation  of  Tapour^  and 
that  it  must  rush  with  violence  into  the  rarefied  space,  the 
more  so,  as  owing  to  the  condensation  of  the  vapour,  the 
temperature  of  the  air  is  raised  by  the  liberated  hrat,  and  ft 
strong  rising  corrent  thus  engendered. 

We  often  observe  the  doads  pass  in  ft  direction  diffsrent  frmn 
tiie  one  indicated  by  the  weather-cock,  and  that  the  higher  doads 
move  in  an  opposite  direction  to  those  below  them,  whence  it  is 
evident  that  at  diiferent  elevations  currents  of  air  move  in  contrary 
directions. 

TVodb-MWuif  and  monsoom. — ^When  Columbus,  on  his  voyage  of 
discovery  towaids  America  saw  that  his  shq>  was  driven  on  by  ft 
eoptmnal  east  wind,  his  eompanions  became  filled  with  tenor, 
as  they  feared  they  should  never  be  able  to  ictam  to  Barope. 

This  wind  of  the  tropics,  which  constantly  blows  from  the  cast 
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to  the  west,  and  so  greatly  excited  the  wonder  of  the  firs 

navigators  of  the  15tli  century,  is  the  trade-wind.  Seamen  avail 
themselves  of  this  wind  to  sail  from  Europe  to  America,  by  steer- 
ing southward  from  Madeira  to  tlie  \  icinity  of  the  tropic,  where 
they  are  then  carried  westward  by  the  trade-wind.  This  course  is 
80  oertauii  and  attended  with  so  little  labour,  that  the  Spanish 
aailora  gave  the  name  of  Ladies'  Gulf  {el  Golfo  de  la»  Dama») 
to  this  portion  of  the  Atkntic  ocean.  This  wind  also  hlowa 
in  the  South  Sea,  and  the  Spanish  navigators  let  their  ships  be 
j)ropelled  by  it  in  a  straight  line  from  Acapulco  to  Manilla. 

In  the  Atlantic  Ocean  the  trade-winds  extend  from  28°  to 
30"  lat. ;  but  in  the  great  ocean  (the  Pacific)  only  to  25^  N.  lat. 
In  the  northern  half  of  the  torrid  sone,  the  trade-wind  blows  in 
a  nortk-^att  direction,  and  becomes  more  decidedly  east  as 
it  iqyproaehes  the  equator.  The  limits  of  the  tiade-wind  are  less 
wdl  defined  in  the  southern  hemisphere,  where  it  has  a  south-east 
direction^  and  inclines  more  towards  due  east  tSie  more  it  approaches 
the  equator. 

These  winds  blow  round  the  whole  globe,  but  as  a  general 
rule  they  do  not  become  perceptible  within  iifty  German  miles 
from  the  land. 

Where  the  north-east  trade-wind  meets  the  south-east  trade-wind 
of  the  southern  hemisphere,  the  two  merge  into  a  purely  eastern 
wind ;  which,  however,  is  not  pero^tible,  because  the  horiiontal 

motion  of  the  air  (which  has  been  heated  by  the  intensity  of  the 
sun's  rays,  and  thus  made  to  ascend)  is  neutralized  by  this 
vertical  motion.  There  would  be  almost  a  perfect  calm  in  these 
regions  if  the  violent  storms  accompanying  the  torrents  of  rain, 
which  occur  almost  daily  with  thunder  and  lightning,  were  not 
to  disturb  the  calm  of  the  atmosphere,  and  prevent  the  blowing  of 
soft  regular  winds. 

This  lone,  whieh  separates  the  trade-winds  of  both  hemispheres^ 
is  the  region  of  calms. 

The  little  map  seen  in  Fig.  513,  serves  to  indicate  the  regions 
in  which  the  trade-winds  prevail.  The  middle  of  the  region 
of  calms,  extending  about  6^  in  width,  does  not  coincide  with 
the  equator,  as  we  might  be  led  to  eipect,  but  lies  to  the  north  of 
it.  During  our  summer  months,  the  lone  of  these  cahns  is 
broader,  and  its  northern  boundary  is  further  removed  from  the 
equator,  whilst  its  sontbem  line  is  but  little  changed. 

The  cause  why  the  region  of  calms  lies  in  the  northern 
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hemisphere,  may  be  sought  for  in  the  configuration  of  the  con- 
tinents. 

riG.  513. 


The  trade-winds  may  be  easily  explained.  The  air  that  has 
been  strongly  heated  in  the  equatorial  regions  ascends,  and  rising 
over  the  colder  masses  of  air  on  either  side,  flows  upwards 
towards  the  poles,  whilst  below,  it  flows  from  the  poles  towards  the 
equator.  If  the  earth  did  not  rotate  on  its  axis,  the  trade-wind 
in  the  northern  hemisphere  would  blow  directly  from  north  to 
south,  while  in  the  southern  hemisphere  its  direction  would 
be  opposite.  The  earth,  however,  rotates  from  west  to  east, 
and  the  atmosphere  surrounding  it  partakes  of  this  rotatory 
motion. 

The  nearer  a  place  upon  the  earth's  surface  is  to  the  poles,  the 
slower  wdll  it  move  during  its  twenty-four  hours'  revolution,  because 
the  space  it  describes  diminishes  as  it  recedes  from  the  equator. 
The  rotatory  velocity  of  the  mass  of  air  over  the  earth,  is 
consequently  less  near  the  poles  than  it  is  at  the  equator; 
if  then,  a  mass  of  air  comes  from  higher  latitudes  to  the  equator, 
it  will  pass  over  districts  with  a  less  velocity  of  rotation  than 
that  with  which  these  move  from  west  to  east ;  in  relation  to  the 
places  rotating  below  it,  it  will,  therefore,  have  a  motion  from  east 
to  west.  This  motion  combines  with  the  motion  towards  the 
equator  to  produce  a  north-east  in  the  northern,  and  a  south-east 
wind  in  the  southern  hemisphere. 

The  air  which  rises  in  the  equatorial  regions  flows  off  on  either 
side  towards  the  direction  of  the  poles.  The  course  of  the  upper 
trade-wind  is  naturally  directly  opposite  to  that  of  the  lower  one, 
being  south-west  in  the  northern,  and  north-west  in  the  southern 
hemisphere. 

We  may  prove  by  facts,  that  there  is  actually  a  trade-wind 
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in  the  upper  regions  of  the  air ;  thus,  for  instance,  on  the  25th  of 
February,  1835,  at  an  eruption  of  the  volcano  of  Cosiguina,  in  the 
Stite  of  Guatimala,  the  ashes  were  ejected  to  the  elevation  of 
the  upper  trade-wind^  and  were  carried  by  it  in  a  south-west  direc- 
tion, and  precipitated  on  the  idand  of  Jamaica^  although  the  north 
trade-wind  was  blowing  in  the  regions  below. 

At  a  greater  distance  from  the  equator,  however,  the  upper 
trade-wind  inclines  more  and  more  towai'ds  the  earth's  surface. 
At  the  summit  of  the  Peak  of  TencrifFe,  west  winds  almost  always 
prevail,  whilst  the  lower  trade-wind  blows  at  the  level  of  the 
sea. 

In  the  Indian  Ocean,  the  regularity  of  the  trade-winds  is 
disturbed  by  the  configuration  of  the  land  sorrounding  this  sea— 
for  instance,  by  the  Asiatic  continent.   In  the  southern  part  of  the 

Indian  Ocean,  between  New  Holland  and  Madagascar,  the  south- 
east trade-wind  prevails  throughout  the  year,  while  a  constant 
gauth'West  wind  blows  in  the  northern  part  of  this  ocean  during 
six  months  of  the  year,  and  a  constant  north-east  wind  during  the 
remaining  period  of  the  year.  These  regularly  alternating  winds 
are  called  moiwooiw. 

The  south-west  wind  blows  from  April  till  October,  while  the 
north-east  wind  prevails  during  the  other  months. 

As  during  the  winter  the  Asiatic  continent  is  cooled,  while 
a  greater  heat  is  engendered  in  the  southern  regions,  a  north-cast 
trade^wind  must  naturally  pass  from  the  colder  parts  of  Asia  to 
hotter  regions.  At  this  time  too,  the  north-east  trade-wind 
is  separated  £rom  the  south-west  trade-wind  in  the  Indian  Ocean, 
by  the  region  of  calms. 

Buring  the  summer  months,  the  passage  of  the  south-east  trade- 
wind  between  New  Holland  and  Madagascar,  is  not  disturbed, 
whilst  in  the  northern  parts  of  the  Indian  Ocean,  the  wind 
that  had  blown  during  the  winter  from  the  north-east,  is  now 
changed  into  a  south-west  wind,  owing  to  the  Asiatic  continent 
becoming  so  strongly  heated,  and  a  current  of  air  being  thus 
conveyed  towards  the  north,  which  by  the  rotatbn  of  the  earth,  is 
converted  into  a  south-west  wind. 

Whuk  in  higher  kiUuieg. — ^The  upper  trade-wind,  whidi  brings 
the  air  from  the  equatorial  regions,  falls  more  and  more,  as  has 
been  already  mentioned,  and  finally  reaches  the  earth  as  a  south- 
west wind  ;  when  beyond  the  region  of  the  trade-winds,  the  two 
currents  of  air  that  pass  from  the  poles  to  the  equator,  and 
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hack  from  the  equator  to  the  poles,  no  longer  hlow  over,  but  even 
with  each  other  endeavouring  to  replace  one  another;  thiu^  on 
the  ■onth-weat  or  the  north-east  wind  predominating  from  time  to 
Uttut,  we  lee  on  the  tnnaiftioii  of  the  wind  from  one  diieekioii 
to  nodier,  the  eoncntt  of  lir  momg  m  all  points  of  the 
weather-cock. 

Although  the  south-west  and  north-cast  winds  predominate  also 
in  higher  latitudes,  we  find  no  regularly  periodic  alternation  in 
their  ocearzenoey  as  is  the  case  with  the  monsoons  in  the  Indian 
Ocean. 

Hie  loUowing  tahle  indicatea  the  freiiaencj  of  the  winda  in 
aSanat  eonntnes;  giving  the  number  of  caoage  timea  that  each 

wind  blows  during  every  ooe  thousand  daya. 


Coontrlet. 

% 

N. 

N.E. 

E 

SE. 

s. 

8.W. 

W. 

N.W. 

England  .... 

82 

Ill 

99 

81 

Ill 

225 

171 

120 

FnuDoe  

126 

140 

84 

76 

117 

192 

155 

110 

06nBuy  •  ■  •  • 

94 

98 

119 

87 

»r 

185 

198 

181 

Denmam  •   •  •  • 

65 

98 

100 

129 

92 

198 

161 

15G 

Sweden     •  •   •  • 

102 

104 

80 

110 

128 

210 

159 

106 

Prussia  t   .   •   •  . 

99 

191 

81 

130 

98 

U3 

166 

192 

N.  Anwaricai   .   .  . 

9S 

lis 

4» 

108 

123 

197 

101 

210 

Laws  of  the  change  qf  wmd. — Although  the  changes  in  the 
diieeiien  of  the  wind  appear  on  m  aiqierficial  view  to  be  wholly 
devoid  of  rak  in  our  legion^  attentive  obeervera  have  long  amce 
made  the  remark  that  winds  general^  aveeeed  each  other  in  the 

following  order : 

8.  Sir,  IV.  NW.  N.  NE,  E.  SE.  S. 

This  alternation  in  the  winds  may  be  the  most  regularly 
obaerved  during  the  winter.  The  eh  an  pros  of  the  barometer  and 
ihermomefeer  whieh  are  connected  with  theae  changea  of  wind, 
have  been  well  described  by  Dave  in  the  following  words. 

''^When  the  teuik'Weii  wind,  eonstantly  increasing  in  force, 
at  lcnp:th  prcdoniiuates,  it  raises  the  temperature  above  the 
freezing;  point;  and  the  snow  is  consequently  converted  into 
rain,  whilst  the  barometer  falls  to  the  lowest  mark.  The 
wind  then  veera  loond  to  the  west,  and  the  dense  flakes  of  anow 
indicate  the  acceaaioD  of  a  colder  wind  no  less  than  the  iqnd 
rise  of  the  barometer,  the  motion  of  the  weather-eodt,  and  the 
thermometer.  A  north  wind  clears  the  heavens,  and  a  nortk^eeet 
wind  effects  a  maximum  of  cold  and  of  the'  barometer.  This, 
however,  is  gradually  lowered,  and  the  occuircncc  of  fine  cirri 
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indicate  bv  tlu-  direct imi  iioia  which  thev  come  the  advent  of  a  more 
southern  wind,  which  is  hoou  felt  by  the  barometer,  altliousb  the 
weaiher-cock  may  not  have  ftiperiftiififtd  any  change  and  may  suli 
be  pointing  doe  maL  The  touiitrm  winciy  howerer,  continues  to 
drive  the  eaitem  emrat  downwardy  and  on  a  decided  hX^aag 
of  the  mercury^  the  weaUieMoek  pointa  mmik^aii,  whoa  tho 
heavens  again  become  gradually  overcast,  and  with  the  increase 
of  heat,  the  snow  that  had  fallen  with  a  south-cast  and  south  wind 
is  agaui  converted  into  rain  by  the  south-tvest  wind.  The  same 
then  begins  again,  the  change  from  the  east  to  the  west  course 
bong  genetally  ehasacteriaed  by  the  oeonrfeaee  of  a  abort  interval 
offinewasdMr/' 

The  ahifting  of  wind  doea  not  always  admit  of  being  aa  icgo- 
Uurly  traced,  as  is  indicated  above,  there  being  often  a  recurrence 
of  the  wind  to  its  old  quarter;  this,  however,  is  far  more  freqiuntly 
observed  in  the  west  than  the  eastern  points  of  the  compass.  A 
perfect  change  of  the  wind  in  an  opposite  direction,  as  £rom  south 
to  eait,  north,  or  west,  is  very  rarely  observed  in  Europe. 

The  csplanation  of  thia  law  ia  obtained  by  the  gtweniliiirtoD  of 
the  i^laiifitW*  eoncemiug  the  trade-winda. 

If  the  air  from  any  csuae  be  driven  §nm  the  poles  towards  the 
equator,  it  will  pass  from  places  having  but  an  inconsiderable 
rotatory  velocity  to  such  as  possess  a  greater  degree  of  speed ;  and 
its  motion  will  thus  acquire  an  casteni  direction,  as  we  have 
oen  in  the  case  of  the  trade-vrind.  On  the  northern  henuphere 
Hie  winda  which  ariae  in  the  north  paaa  therefore  in  their  gndrnd 
progreaa  throogh  the  north-east  to  the  east.  If  an  east  wind  thus 
arise,  it  will,  if  the  same  eaniea  eontittiie  in  operation  which  have 
driven  the  air  towards  the  equator,  act  rctardingly  upon  the  polar 
current;  the  air  will  acquire  the  same  speed  of  rotation  as  the 
place  over  which  it  passes,  and  if  the  tendency  to  return  to  the 
equator  atill  continnoi  the  wmd  will  shift  back  to  the  north,  wboi 
the  aame  aeriea  of  phenomena  will  be  repeated. 

If,  however,  after  the  polar  current  baa  predominated  for  u  thn^ 
aud  the  direction  of  the  wind  baa  beoome  eastern,  currents  set  in 
from  the  equator ;  the  cast  wind  will  pass  from  south-east  to  the 
south.  If  the  air  move  from  south  to  north  it  will  reach  places 
having  an  inconsiderable  velocity  of  rotation  with  the  greatest 
YfhdAy  of  rotation  of  the  polar  regions  nearest  the  equator; 
baalcning,  aa  it  wm^  in  advance  of  the  earth'a  aorfooe  which 
YOtatea  from  weat  to  eaat,  nntil  the  aouthem  direction  of  the  wind 
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is  gradually  chan^;^  to  the  south-west^  and  finally  made  quite 
wwlom.  By  the  constant  tendency  of  the  air  to  paw  towaida  the 
poleij  ^bfb  wind  is  made  to  Tear  bade  agam  to  the  aoath,  enedj 
m  the  eaine  manner  aa  tiie  eaet  wind  mra  to  the  nordi;  if, 
howetei)  the  equatorial  current  be  displaced  by  a  current  from 
the  poles,  the  west  wind  will  veer  from  north-west  round  to  the 
north. 

In  the  aouthem  hemisphere,  the  wind  muat  neceaaarily  veer 
about  in  ma  oppoaite  direction. 

Where  the  trade-winda  blow  in  the  troj^ea,  there  ia  no  eom- 
pkle  lolirtioo  on  the  earth's  maaebM,  the  direction  of  tiie  trade- 
wind  ia,  therefore,  only  indined  more  towards  the  east  in  ita 
motion. 

In  the  region  of  the  monsoon  there  is  only  one  complete 
rotation  in  the  course  of  the  whole  year.  We^  therefore;,  see  that 
the  relations  of  the  winda  in  the  tropica  correspond  to  the  simplest 
ease  of  the  kw  of  rotation. 

BStorsii.— Storma  are  the  resnh  of  a  eonsiderable  disfenrbsnee  in 
the  equilibrium  of  the  atmosphere,  depending  very  probably  upon 
a  rapid  condensation  of  vapour,  as  has  already  been  surmised. 

More  recent  investigations  have  shown  that  storms  may,  for 
the  moat  party  be  regarded  aa  great  whirlwinds  in  motion. 

Storms  rage  with  much  more  mlenee  in  the  tropics  than 
m  hig^  latitndea ;  the  devaststions  occasioned  by  these  hnrri- 
oanes,  known  in  America  by  the  nsme  of  ThnuutM^  are  tnilj 
frigbtML  Hius,  for  instance,  in  the  hurricane  that  devastated 
Guadaloupe  on  the  25th  of  July,  solidly-built  houses  were  torn 
up ;  cannons  were  hurled  from  the  toj)  of  the  parapets  of  the 
batteries  on  which  they  were  planted ;  a  plank  o£  about  3  feet  in 
length,  8  inches  in  breadth,  and  10  lines  in  thickness,  was 
propelled  with  such  force  throngji  the  air  that  it  perforated  the 
■tcm  of  a  pafan  tree,  aboot  17  inehea  in  diameter,  throng^  and 
through. 

We  often  see  how,  in  calm  weather,  sand  and  dust  are  carried 
by  the  wind  with  9  whirling  motion  through  the  air.  On  the 
approach  of  a  storm,  we  may  also  notice  larger  whirlwinds  of 
this  kind  eanying  simd,  dnst,  leaves  and  straw,  &e.  with  them 
in  their  coarse.  Hnrricsnes  are  nothing  more  than  these  whiri- 
winds  on  a  large  scale,  and  are  geneia]l7  cansed  by  the  struggle 
of  two  winds  moving  in  opposite  directions  in  the  upper 
regions  of  the  air.    They  usually  form  a  double  cone,  the  upper 
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part  of  which,  whose  vertex  inclined  downwards,  consists  of  a  ma« 
of  clouds ;  while  the  lower  cone,  the  point  of  which  is  directed 
upward,  when  formed  over  the  sea,  lakes  and  rivers,  is  composed 


no.  514. 


of  water  or  of  sand,  and  other  bodies  found  on  land.  These 
hurricanes  are  capable  of  uprooting  trees,  unroofing  houses, 
and  hurUng  be^Lms  to  a  distance  of  many  hundred  paces,  &c. 
Water  hurricanes  are  known  as  water  spouts ;  they  often  raise 
water  to  the  height  of  many  hundred  feet. 


CHAPTER  III. 

OF  ATMOSPHERIC  MOISTURE. 

Distribution  of  vapour  in  the  air. — If  on  a  hot  summer's  day  we 
place  a  bowl  filled  with  cold  water  in  the  open  air,  we  observe  that 
the  quantity  of  the  water  rapidly  diminishes, — that  is,  it  evapo- 
rates, which  means  that  it  is  converted  into  vapour,  and  then 
diffused  through  the  air.  The  vapour  of  water  is,  like  every 
other  colourless  transparent  gas,  invisible  to  our  eyes,  the  water 
appearing  to  have  entirely  disappeared  by  evaporation. 

The  water  diffused  through  the  air  only  becomes  visible,  when. 
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on  returning  to  its  fluid  condition,  it  forms  a  mist,  cloud,  dew, 
or  hoar-frost.  In  order,  therefore,  to  convince  ourselves  of  the 
eiirtence  of  vapour  of  water  in  the  air,  we  miut  eondenoe  it 
by  tome  inwuia  or  another* 

We  vmy  immediately  obtain  ihe  quantity  of  vapoor  oontained  in 
a  definite  volnme  of  air,  on  aneldng  the  air  throogh  a  tnbe  filkd 
with  hygrometric  substances.  We  make  use  of  an  aspirator  for 
the  purpose  of  effecting  a  reprular  passage  of  the  air  through  the 
absorption  tube.  The  aspirator  is  a  vessel  filled  with  water,  and 
closed^  excepting  at  two  apertores ;  £rom  the  one  of  which  water 
oonatantly  poora  oat  through  a  tabc^  while  the  other  is  connected 
with  the  absorption  tabe  in  soch  a  manner,  that  an  amount  of  dry 
air  equal  to  the  disdiarged  water  may  enter  the  vessel.  The 
sanouut  of  vapour  contained  in  a  quantity  of  air  racked  through 
the  absorption  tube  may  be  ascertained  by  weighing  the  tube 
before  and  after  the  expermicnt. 

This  method  of  determining  the  quantity  of  water  contained  in 
tiw  air  entering  the  aspirator,  to  which  varions  forms,  more  or 
leas  applieshle,  have  been  given,  is  somewhat  uncertain,  and  does 
not  3rield  the  amoont  of  water  contained  in  the  air  at  a  definite 
moment,  but  merely  the  mean  average  of  its  quantity  during  the 
whole  period  of  the  experiment ;  on  this  account,  smaller  and  more 
ciisily  transportable  apparatus  have  been  oonstriicted,  which  are 
known  by  the  name  of  hygromeUn. 

It  is  vrell  known  that  many  organic  bodies  have 
the  property  of  abaorfaing  vaponr,  and  thos  incress- 
ing  proportionably  in  extent.  Amongst  others, 
we  may  mention  hair,  whalebone,  &c.,  as  hygro- 
metric  bodies,  and  these  have  therefore  been  em- 
ployed in  the  construction  of  hygrometers.  The 
best  instrument  of  the  kind  is  the  Hiokt4ii^girwneter 
invented  by  gantiirr,  and  which  is  represented  in 
Fig.  616. 

Hie  hair  is  frstened  aft  its  upper  end  to  a  little 

tongue  fl,  the  other  extremity  passes  over  along 
one  of  the  two  grooves  of  a  pulley,  while  in  the 
other  groove  a  silk  thread  goes  round  the  })ulley, 
supporting  a  little  weight  /,  by  means  of  which  the 
hair  is  kept  at  a  constant  tensicm.  To  the  axis 
of  the  pulley,  an  indez  i  is  attached,  which  passes  over  the 
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gndnated  aic  f  A,  as  the  pulley  is  turned  by  the  dongstioii  or 

ghortening  of  the  hair. 

When  the  iiiHtrumcnt  is  in  a  damp  atmosphere,  the  hair  absorbs 
a  considerable  amount  of  vapour,  and  is  thus  made  longer,  while 
in  a  dry  air  it  becomes  shorter,  so  that  the  index  ia  of  course 
turned  altemsteLy  to  the  one  or  to  the  other  side. 

The  instnunent  is  gradosted  in  the  following  manner.  In  the 
first  place,  it  is  placed  nnder  a  receiver,  the  air  within  having 
been  dried  by  chloride  of  ealdnim  or  by  sulphuric  add.  The  point 
of  the  scale  at  which  the  index  stops,  under  these  eireomstances,  is 
the  point  of  greatest  dryness,  and  is  marked  with  0. 

Tht  instrument  is  then  placed  under  a  receiver,  whose  walls  are 
mdstened  with  distilled  water,  which  is  likewise  poured  upon  the 
gionnd,  on  which  the  reeemr  is  placed.  The  space  below  it  soon 
liecwneff  saturated  with  vapour,  and  the  index  thai  peases  to  the 
cyther  end  of  the  scale.  Hie  point  at  whidi  it  now  standi^  ia 
the  point  of  greatest  moisture,  and  is  marked  100. 

The  space  intervening  between  these  two  points  mnst  then 
be  divided  into  100  equal  parts,  which  are  termed  de^eei  of 

The  relation  of  these  degrees  to  the  quantity  of  water 
in  the  air  mnst,  in  the  case  of  every  instrument  of  the  kind,  be 
ascertained  by  meana  ol  eiperiment^  into  which  we  cannot  enter 

moie  Inlly  at  preaent. 
DameP* ^fgramiUr^lM  represented  in  Fig.  516;  it  consista 

of  a  curved  tnbe  terminating  in  two 
bulbs  ;  the  one  a  is  either  gilt,  or  covered 
with  a  thin  metallic  coating  of  platinum, 
while  the  other  is  wrapped  in  a  piece  of 
finelinen.  The  bnlb  a  is  half  filled  with 
ether,  and  contains  a  little  theraiometer, 
the  graduated  part  of  which  penetratea 
into  the  tnbe  L  The  apparatus  » 
perfectly  air-tight.  If  ether  be  dropped 
upon  the  ball  b,  it  will  cool  it  by  its 
evaporation ;  in  the  interior  the  vapour  of 
the  ether  will  be  condensed,  and  an  evapo- 
ration in  the  bulb  a  thus  occasioned,  since,  to  a  certain  d^gre^  the 
etherdistiUsoverfiromthewanner  hall  0^  to  the  cooler  one  A.  By 
the  fonnation  of  vaponr  in  the  ban  1^  heat  wiU  he  likewise  dbaoibe^ 
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and  the  bulb  become  covered  with  a  delicate  dew.  The  origin 
of  this  dew  admits  of  an  easy  explanation.  We  have  seen  above, 
that  in  a  vacuum^  the  force  of  tension  of  steam  cannot  exceed 
certain  limiti^  and  that  the  maximiim  of  the  tension  ine^eaM 
with  the  tempemtiure.  For  a  temperatue  of  68^;,  for  inatanoi^ 
ikb  aianmnm  of  the  Horn  of  teasian  of  iteam  ia  17,3  milfi- 
Bwtm,  and  Hie  eorrespondhig  density  of  the  ateam  0,00001718 ; 
In  a  vacuum  of  1  cubic  metre,  therefore,  at  a  temperature  of  at 
most  68^^  17jl8  gnus,  of  water  may  be  contained  in  the  form  of 
vapour. 

We  haT«^  howeverj  farther  seen,  that  exactly  aa  much  steam 
mtj  he  emitahted  in  a  qiaee  filled  with  air  aa  m  an  equally  large 
Y&Bom,  aod  that  m  thk  case  the  Ibree  of  tenaioii  of  the  auv  and 
tiie  §ane  of  teonon  of  the  steam  diffnaed  through  it  correspond. 

At  a  temperature  of  78",  17,8  grms.  of  water  may  therefore  be 
contained  as  vapour  in  1  cubic  metre  of  air. 

M^e  say  the  air  is  satwrated  with  Yapour,  when  the  steam 
difFnsed  through  it  haa  reached  the  maximiim  of  the  foroe  of 
teiiaiop  and  deuiiiy  eoRteponding  with  ita  temperatore. 

If  wehring  a  colder  body  into  aa  atmoepheie  eatiuated  with 
moiatiire,  it  will  cool  the  atrafta  of  air  most  contiguous,  a  portion 
of  the  vapour  contained  will  be  condensed,  and  precipitated 
upon  the  cold  body  in  the  form  of  fine  di'ops.  In  this  manner 
the  moisture  which  covers  the  window  panes  of  an  inhabited 
heated  iqpartment  ia  formed ;  if  the  temperature  of  the  external 
air  be  law  taaaofjik,  aoffieiently  to  cool  the  panes  of  glasa* 

The  air  ia  not  dwaya  aatorated  with  nMnstorct^  that  ia  to  mj, 
it  does  not  alwaya  contain  aa  mneh  Tspornr  as  from  its  tempo* 
ratiure  it  might  take  up.  K,  for  instance,  we  assume  that 
every  cubic  metre  of  air  contains  only  13,63  grms.  of  steam 
at  a  temperature  of  78^  the  air  will  not  be  saturated,  since  at 
this  temperatore^  eadi  enhie  metre  of  air  ia  capable  of  containing 
17,U  grma.  of  rdfoat. 

The  tmperatore  at  whieb  the  condoiMtion  of  aleam  b^ghi% 
that  is,  the  temperature  at  lAidi  the  ab  ia  etaeOy  aatmnfted  with 

vapour,  is  called  the  dew  poini, 

Daniel's  Hydrometer  is  intended  for  the  observation  of  this 
dew  point;  thus,  as  soon  as  the  bulb  a  is  cooled  to  the  tem- 
pcraUue  of  the  dew  point,  this  bulb  begins  to  be  covered  with 
moiatiire^  and  the  temperatore  of  the  dew  point  may  be  imme- 
£atd^  ttMrtained  fiom  the  thermometer  which  dq^  nito  the  bolh  «. 
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If  we  now  make  use  of  a  tabic  giving  the  maximum  quantity  of 
vapour  of  water  in  a  space  of  1  cubic  metre  for  each  degree  of 
temperature,  we  may  Hkewise  find  by  means  of  sucli  a  table, 
what  is  the  quantity  of  vapour  of  water  in  the  air  corresponding  to 
the  dew  point  observed. 
Awfu^M  Ptifckrometir  is  rq^resented  in  Fig.  517,  it  consists 
of  two  thermometers  fiurtened  to  one  and  the  same 
stand :  the  bulb  of  the  one  is  surrounded  by  fine 
linen,  whilst  that  of  the  other  remains  free;  on 
moistening  with  water  the  coverini;  of  the  one  bulb, 
the  water  will  evaporate,  and  the  more  rapidly 
in  proportion  as  the  air  is  far  removed  from  its 
point  of  saturation.  The  evaporation  of  the  water 
is,  however,  aeoompanied  by  an  absorption  of  beat, 
in  consequence  of  wbieb  the  covered  thermometer 
falls.  If  the  air  be  perfectly  saturated  with  mois* 
turc,  no  water  will  be  able  to  evaporate,  both 
temperatures  therefore  will  stand  equally  high ;  if, 
however,  the  air  be  not  thoroughly  saturated  with 
vapour,  the  covered  thermometer  will  Ml  lower 
in  proportion  as  the  air  is  further  removed  from 
the  point  of  saturation.  We  may  judge  of  the 
condition  of  moisture  of  the  air  by  tiie  difference 
of  temperature  of  the  two  thermometers. 
Dxnnml  and  annual  variation  in  the  quantity  of  water  contained 
in  the  air. — As  more  vapour  may  be  diffused  through  the  air  at 
a  high  temperature,  and  as  with  an  increasing  heat  the  water 
evaporates  more  and  more  from  the  surfrce  of  large  masses  of 
water  and  from  the  moist  ground,  it  may  well  be  siqiposed  that 
the  quantity  of  water  contained  in  the  air  will  dhnmisb  and 
increase  in  ^e  course  of  the  day. 

It  has  been  ascertained  by  experiments  with  the  above- 
described  instruments,  that  in  general,  the  quantity  of  vapour 
in  the  air  is  increased  as  the  temperature  rises  with  the  ascent 
of  the  sun;  this,  however,  only  lasts  till  9  o'clock,  when  an 
ascending  current  of  air,  occasioned  by  the  strong  heatmg  of 
the  sorfrMse  of  the  ground,  carries  the  viqpour  on  high,  so  that 
the  water  contained  in  the  lower  strata  of  aur  diminisihesi  although 
the  fiirmaticm  of  vapour  contmues  with  the  increase  of  the  beat ; 
this  diminution  continues  till  towards  4  o'clock  ;  now  the  quaiii uy 
of  water  of  the  lower  strata  of  air  again  increases,  because  the 
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upwardly  directed  current  of  air  ceases  to  carr\'  away  the  vapour 
formed ;  this  increase  lasts,  however,  only  until  towardti  9  o'clock, 
because  the  decreasing  temperature  of  the  air  puts  a  limit  to  the 
Anrihcr  f ormatioii  of  Tapoar. 

In  wintar,  irlieii  the  action  a£  the  son  is  kaa  intense^  the  state 
of  the  caee  is  difaent ;  in  Jan'oaiy  we  observe  only  mu  maiimwm 
of  the  contents  of  water  in  the  air,  at  about  2  o'clock^  and 
only  one  minimum  at  the  time  of  sunrise. 

We  say  "  the  air  is  dry*^  when  water  evaporates  rapidly,  and 
when  moistened  objects  become  quickly  dry  owing  to  this  rapid 
etapotntion;  and  on  the  other  huid,  we  say  Me  air  tt  damp*' 
when  moistened  objects  dry  only  slowly,  or  not  at  all,  in  the  air, 
when  the  least  decraase  of  temperature  occasions  a  precipitation  of 
moisture,  and  when  somewhat  colder  objects  become  covered  with 
moisture.  We,  therefore,  call  the  air  dry  when  it  is  far  from 
being  at  its  point  of  saturation,  and  moist  when  the  dew  point 
qiproaches  very  nearly  to  the  degree  of  the  temperature  of  the 
ahr;  in  thus  judging  of  the  dryness  or  the  dampness  of  the  air, 
we  do  not,  therefore,  espnm  any  opinion  of  the  absolute  quantity 
of  water  contained  in  tiie  air.  If  on  a  hot  summer's  ^y  at  a 
temperature  of  77,  every  cubic  metre  of  air  contains  18  grms.  of 
vapour,  wc  say  the  air  is  very  dry ;  for  at  such  a  temperatiu*e 
the  atmosphere  can  contain  22,5  grms.  of  vapour  for  every 
cubic  metre  of  air,  otherwise  the  air  must  be  cooled  to  69,  in 
order  to  be  saturated  by  the  same  quantity  of  aqueous  vspours. 
H,  on  the  eontrary,  in  winter  at  a  temperatuie  of  85,6  the  air 
contains  only  6  grms.  of  vapour,  it  is  very  damp,  since  the 
atmosphere  is  nearly  perfectly  saturated  with  vapour  corresponding 
to  that  temperature,  and  the  least  decrease  of  temperature  is 
followed  by  a  precipitation  of  moisture. 

In  this  sense  we  may  say,  that  at  the  time  of  sunrise  the  air 
is  the  dampest,  although  the  abscdute  quantity  of  wster  is  less  then 
than  at  any  olJier  time  of  the  day.  Towards  S  oi'doek  p*m •  in 
summer  the  air  is  driest* 

The  absolute  quantity  of  water  contained  in  the  air  is,  like  the 
mean  temperature  of  the  an-,  at  a  minim u in  in  January  ;  it  increases 
until  July,  whcu  it  reaches  it^^  maximum ;  then,  however,  it  sgain 
decreases  until  the  end  of  the  year. 

Althou^  the  qusntity  of  water  contained  in  the  air  is  greater 
in  summer  than  in  winter,  we  say  that  the  air  u  drier  m  summer. 
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because,  on  an  average  it  ia  further  removed  ficom  the  point  of 
saturation  during  thst  season. 
Mmhare  of  the  okr  m  varum  di»incU.^^!f\i»  IbnnatLon  of 

vapour  is  especially  dependent  upon  two  conditions^  namely  upon 
the  temperature,  and  upon  the  pressure  of  water.  With  an 
unlimited  supply  of  water,  vapour  will  be  formed  in  proportion  to 
the  height  of  the  temperature ;  but  with  equal  degrees  of  temperar- 
ture^  more  vi^ur  will  be  formed  in  districts  which  abound  in  water 
than  in  those  which  do  not.  Henoesp  it  foUowa^  that  the  absf^ute 
quantity  of  water  in  the  air,  other  eireomstanoea  being  the  same^ 
decreases  fiom,  the  equator  to  the  poles,  and  that  the  air 
is  drier  in  the  interior  of  large  continents^  that  is,  it  is  there 
further  removed  from  the  point  of  saturation  than  on  the  sea 
or  on  the  sea-shore.  The  clearness  of  the  sky  in  continental 
countries  is  a  proof  that  the  dryness  of  the  air  increases  with  the 
distance  from  the  sea. 
Ikw. — It  haa  ahready  been  stated  st  page  688,  that  fine  dew  is 


formed  upon  the  polished  bulb  of  Hsntef  «  bygrometer  as  the 
latter  is  cooled.  We  may  explain  the  formatkm  of  dew  on  a  large 
scale  in  a  similar  manner. 

When  in  summer,  after  sunset,  the  sky  remains  clear  and  the 
air  calm ;  the  different  objects  on  the  earth's  surface  become  more 
and  more  cooled  by  nocturnal  radiation  towards  the  sky,  their 


ratnre  falls  from  4^  to  13^,  or  14^  even  below  the  tern* 
persture  of  the  air,  cold  bodies  also  lower  the  temperatare 
of  the  strata  of  air  immediatdy  surrounduig  them;  and  when 
these  are  eooled  down  to  the  dew  point,  a  portion  of  the 

vapour  contained  iu  them  is  precipitated  upon  cold  bodies  in 
the  form  of  fine  drops. 

As  all  bodies  have  not  an  equal  capacity  of  radiating  heat, 
some  cool  more  perfectly  than  others,  whence  it  follows,  that 
many  bodies  may  be  densely  covered  with  dew,  whilst  others  wiQ 
remain  almost  wholly  dry.  Grass  and  leaves,  eq[iecially,  codirspidly 
by  nocturnal  radiation,  partly  because  they  possess  a  very  strong 
capacity  for  radiation,  and  partly  also  because  they  stand 
exposed  to  the  air,  and  can  thus  receive  but  little  heat  from  the 
ground ;  they  are  thus  more  thickly  covered  with  dew  than  stones 
and  the  bare  ground. 

.  When  the  sky  is  overcast  by  clouds,  the  formation  of  dew  is 
prevented,  owing  to  nocturnal  radiation  being  impeded.  £ven 
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when  a  somewhat  brisk  w  ind  blows,  no  dew  is  formed,  because 
warm  air  is  constantly  brought  into  contact  with  solid  bodies, 
which  are  thus  continually  warmed,  and  allow  of  air  paaaiug  over 
them  before  they  can  be  cooled  to  the  dew  point. 

Hmar^nti  is  Bothing  but  £raie&  devr.  Wlum  the  body,  on 
nrliieh  the  eopdensed  vapour  is  precipitated^  is  cooled  below  82^ 
vapour  can  no  hmger  be  deposited  in  a  fluid  torn,  but  will  appear 
as  icicles. 

Mist  and  clouds, — ^When  steam  rises  from  a  vessel  of  boiling 
water,  and  diffuses  itself  through  a  cooler  atmos])here,  it  is  imme- 
diately condensed,  and  there  szises  a  mist  in  the  air  which  floats 
about  in  the  tern  ol  a  quantity  of  small  hollow  veaieles.  Iliis 
k  also  frequendy  csDed  vapour,  akboogh  it  is  no  longer  saeh, 
at  least,  in  the  physical  sense  of  the  word,  being  a  condensed 
aqueous  gas. 

When  the  condensation  of  vapour  does  not  occur  by  contact 
with  cold  solid  bodies,  hut  goes  on  in  the  air,  vmU  anaei 
which  are  similsr  to  those  we  see  formed  over  boiling  water. 

Mists  generally  arise  when  the  water  of  lakes  and  rivers,  or  the 
damp  ground,  is  warmer  than  the  air  which  is  saturated  with 
moisture.  The  vapours  formed  in  consequence  of  the  higher 
temperature  of  the  water,  or  the  damp  ground,  arc  immediately 
re-condensed,  when  they  diffuse  themselves  through  the  cooler  air, 
already  saturated  with  vapour.  No  mists  are  formed  at  an  equal 
difference  of  temperature  between  the  water  and  m,  provided  the 
air  in  dry«  so  that  all  the  vapoara  rising  from  the  sorfrce  diflnaed 
iJioiiaclves  throaf^  it  without  sstoriting  it. 

After  what  has  just  been  said  of  the  formation  of  mist,  it 
will  easily  be  understood  that  mists  are  especially  formed  in 
autumn  over  rivers  and  lakes,  and  damp  meadows.  In  England, 
miata  are  veiy  j&equent,  from,  the  land  being  washed  by  a  warm 
sea ;  in  like  manner,  the  warm  watera  of  the  Gulf  Stream,  which 
flows  as£ur  as  Newfoundlandj  are  the  cause  of  the  thick  fogs  met 
with  there. 

We  often  obseifs  mists  and  fbgs  occur  under  totally  different 

circumstances ;  thus  we  find  thick  mists  over  rivers,  whilst  the  air 
is  warmer  than  the  water  or  the  ice.  In  this  case,  the  warm 
air  ia  saturated  with  moisture,  and  on  its  mixing  with  the  layen 
of  SBV  which  have  acquired  a  lower  temperature  from  beiQg  in 
CQBtaei  with  the  cold  water  <»r  iei^  a  eondwisation  of  the  ywftm 
b  neeesHunly  bron|^t  abont 
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The  mists  which  rise  over  rivers  and  lakes  in  summer  after  a  storm 
of  rain,  originate  in  a  similar  manner.  Although  the  air  is  warmer 
than  the  snrfaee  of  the  water,  it  is  saturated  with  moisture,  and  as 

soon  as  it  is  distributed  over  a  place  in  which  the  freshness  of 

tbc  water  is  perceptible^  the  vapour  becomes  condensed  by 
cool  in  2:. 

Mists  are  not,  however,  formed  only  over  rivers  and  lakes, 
but  over  the  middle  of  the  continent,  as  soon  as  the  warmer, 
damper  masses  of  air  are  mixed  with  the  colder,  and  their  tempera- 
ture thus  lowered  below  the  dew  point.  • 

Clouds  are  nothing  more  than  mists,  which  hover  in  the  higgler 
regions  of  the  air,  as  mists  are  nothing  more  than  clouds  resting 
upon  the  surface  of  the  ground.  Wc  often  see  the  summits  of 
mountains  enveloped  in  clouds,  whilst  persons  upon  these 
elevations  are  in  the  midst  of  mist. 

At  first  sight,  it  i^pears  incomprehensible  how  clouds  can  float 
in  the  air,  since  they  consist  only  of  vesicles,  which  are  evidently 
heavier  than  the  surrounding  air.  Since  the  weight  of  these 
small  vesicles  of  water  is  very  small  in  oomparison  with  their 
surfhees,  the  air  must,  in  this  case,  oppose  a  considerable  resis- 
tance ;  they  can  only  sink  very  slowly,  as  the  soap  bubble,  which 
has  a  great  resemblance  to  these  vesicles  of  vapour,  sinks  but 
slowly  in  a  calm  atmosphere.  These  vesicles  of  vapour  must, 
however,  sink,  although  but  slowly,  and  we  might  thus  suppose 
that  in  calm  weather  the  clouds  would,  at  length,  £sll  to  the 
ground. 

The  vesicles  of  vapour,  however,  which  sink  in  calm  weather, 

cannot  reach  the  ground,  owing  to  their  soon  reaching  warmer 
strata  of  air  that  are  not  saturated  with  vapour,  and  where  they 
again  dissolve  into  vapour,  and  arc  lost  to  view  ;  whilst,  however, 
the  vesicles  of  vapour  dissolve  below,  new  ones  are  formed  at  the 
upper  limits,  and  thus  the  cloud  appears  to  float  immoveably 
in  the  air. 

We  have  just  considered  vesides  of  vapour  in  a  perfectly  calm 
atmosphere,  but  when  the  air  is  agitated  they  must  follow  the  direc- 
tion of  the  current  of  air;  a  wind  moving  on  in  a  horiiontal 

direction  will  also  carry  the  clouds  with  it  in  the  same  direction, 
and  an  ascending  current  of  air  will  lift  them  up,  as  soon  as  its 
velocity  becomes  greater  than  the  velocity  with  which  these 
vesicles  would  fall  to  the  ground  in  a  calm  air.  We  may  also 
observe  how  soap  bubbles  are  carried  away  by  the  wind,  and 


uiyiiized  by  Google 


MISTS  AND  CLOUDS. 


539 


lK>me  over  the  houses.  Thus  too,  the  rising  of  the  mist  is 
explained  by  the  ascending  currents  of  air. 

The  api)earance  of  the  clouds  varies  very  much,  according  as 
they  float  higher  or  lower,  are  more  or  less  dense,  and  are  diffe- 
rently illuminated,  &c.  Howard  has  distinguished  clouds  under 
the  following  heads. 

1.  The  feathery  cXowfi-chrus  consists  of  very  delicate,  more  or 
less  streaked,  open  or  feathery  filaments,  which  first  appear  in  the 
sky  af^er  fine  weather.  In  our  figure  518,  we  may  observe  these 
in  the  right  hand  corner  towards  the  bottom  where  the  two  birds 
are  hovering.  In  dry  weather,  feathery  clouds  are  more  streaked, 
and  in  damp  weather  more  confused. 

2.  The  dense  cloud,  cumulus,  represented  in  our  figure  exactly 

no.  518. 


below  tbe  feathery  cloud,  forms  large  hemispherical  masses  which 
appear  to  rest  upon  a  horizontal  basis ;  these  clouds  are  of  most 
frequent  occurrence  in  summer,  oflen  group  themselves  pictu- 
resquely together  in  large  masses,  and  then,  when  lighted  up  by 
the  suD^  present  the  appearance  of  mountains  of  snow. 
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S.  Sttatified  timdf,  itrutus,  m  IwriiOBlal  stiwln  of  dodb; 

ill  our  figure  they  are  represented  below  the  cumulus,  and  appear 
in  extraordinary  brilliancy  of  colour  at  sunset. 

The  main  forms  merge  into  a  variety  of  others^  which  Hawmri 
has  deogngted  by  tbe  nam  of  ctrrs  wmmJm,  cwmi/fl  §irmim^  waA, 

Man,  ii  the  Ibotimry  to  the  done  ekmd,  tiiej  no  Ummo  wmH^ 

white,  round  clouds  familiarly  known  hj^  fleecy. 

When  the  feathery  clouds  are  not  scattered  individually,  but 
combined  in  streaks  of  considerable  extension,  they  form  featbery 
■tnU  of  clouds,  ctrro-«lrftei^  wbich  offer  the  appearance  of 
oi|iondnd  itnitowbeii  tlMj  no  Mr  the  IwnaQii;  tke  l  eio  %Hfm 
oftn  oom  the  wliole  1I7  •■  with  o  TaL 

When  these  eloiids  beeome  dcneer,  they  psss  ofcr  into  tlie 
streaked  accumulated  clouds,  whicb  often  cover  the  whole  horizon 
witli  a  bluish  black  tone  of  colour,  and  finally  pass  over  into  tbe 
actual  rainy  cloud  {pimbus)  depicted  at  the  left  in  our  tiirure. 

When  we  consider  how  very  various  the  clouds  may  be  in  form 
■i  wcU  es  m  ooioiir,  wo  ahali  eesi^  understnid  bow  difficnlt  it 
often  is  to  decide  whether  the  ifpcmmee  of  a  doiid  agproidiei 
more  to  one  or  other  type* 

feathery  clouds  arc  the  highest  of  all  the  kinds  of  clouds, 
since  they  present  the  same  appearance  when  seen  from  high 
hills  as  from  the  valleys  below.  Kdmtz*  determined  their  heigbt 
at  Halle  to  be  about  20,000  feet.  It  is  highly  probable  thai  the 
drmt  does  not  eonnst  of  vesicieo  of  mist^  hot  of  flakee  of  now. 

The  denser  dooda  are  nsnalfy  Ibrmed  when  the  npom  ave 
raised  up  by  the  ascending  enrrents  of  air,  and  then  eondenaed  by 
the  lower  temperature.  Hence,  it  follows,  that  clouds  often 
form  towards  noon,  when  the  sun  has  ascended  in  the  clear  sky ; 
and  towards  evening  tbe  sky  again  clears,  owing  to  tbe  sinking  of 
the  clouds  as  the  lismg  omient  ceases ;  tbe  clouds  again  dissolve 
on  leadiing  deeper,  wanner  rpgionay  if  the  air  be  not  aatmated 
with  vapour.  A%  however^  Ihe  aonth-wcit  wind  brii^  mora 
and  more  ▼aponra  wiUi  it  when  the  air  ia  satinated  with  vapour, 
the  sinking  douds  cannot  be  re-dissolved,  but  become  denser  aiul 
darker,  whilst  a  stratum  of  feathery  clouds  often  floats  abo\  e  the 
lower  clouds.  The  lower  masses  of  cloud-cumulus  then  pass 
more  and  more  into  tbe  cumulo  ttrahti,  and  rain  may  be 

^  Sss^^OoBqMeOosnsefllslsonlQBr*  TCsMft. 
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When  by  continued  condensation  of  vapour,  the  separate  vesicles 
of  vapour  become  larger  and  heavier^  when  further^  the  separate 
{^U>bule8  iqppvcNich  cadi  other  and  merge  togetlier^  they  form 
Mtaal  diopt  of  watey  whkli  Mi  w  ndn.  At  s  certain  hei§^ 
Aft  laiii-Apope  ara  atiU  fcfy  amalii  tiicj  incfeaae  in  aii^  however^ 
M  they  fall,  owing  to  the  vapour  of  the  itiata  of  air  becoming 

condensed  on  which  account  they  fall. 

Quantity  of  rain, — The  quantity  of  rain  which  falls  at  any 
one  spot  on  the  earth  in  the  course  of  the  year  is  a  very  important 
o£  meteorology.  The  inatminents  made  nae  of  for  this 
are  tormed  Bam  fftuigeif  Ombrmmten  or  UdomHen. 
1%.  519  icnicaents  the  nanal  lain  guage ;  it  eonaista  of  a  tin 
cylinder  b,  winch  is  from  15  to  20  oentimetrea  in  diameter,  and 
on  which  a  second  cylinder  a,  with  a  funnel-like  bottom,  is  placed. 
In  the  centre  of  this  funnel  there  is  an  aperture ;  through  which 

all  the  water,  falhng  into  the  cyhnder  a, 
which  is  open  at  the  top,  flows  into  the 
receiver  k  The  recemr  &  ia  in  connee- 
tion  by  meana  of  »  carved  tube  e  with 
a  i^aaa  tube  d,  by  meana  of  whidh  we 
may  every  time  ascertain  how  hi<;li  the 
water  stands  in  b.  Provided  that  the 
bores  of  a  and  b  be  equal,  or  at  any  rate 
not  perceptibly  different,  the  height  of 
the  layer  of  water  in  b  indicatea  the 
heif^  to  which  the  groond  woold  be 
covered  in  a  eertam  time^  if  the  water  were  not  tmbibed, 

or  evaporated. 

The  annual  quantity  of  rain  is  about  as  follows : 


Sit. 


at  Lisbon  .  . 

.  25 

Paris  inches 

Dover   •  • 

.  44 

99 

London 

.  28 

99 

Paris    •  • 

.  21 

99 

Batiflbon 

.  21 

99 

Bergeix 

.  88 

99 

Stockholm 

.  19 

99 

Petersburgh 

.  17 

99 

Genoa.  • 

.  44 

99 

Borne  •  • 

.  28 

99 

The  quantity  of  rain  that  fidta^  ia  no^  however,  nnifaraily 
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distributed thfooglKmt  the  year;  in  Ilut  respect^  Surope  admiU 

of  bciug  divided  into  three  provinces. 

In  England,  on  the  western  coasts  of  France,  in  the  Nether- 
lands, and  in  Norway  autumnal  rains  predomiiiate. 

In  Q&mmj,  m  the  West-Rheokh  pfOfincei^  Denmafk  tmk 
SwedflBiy  nnui  ve  miMt  pfevakni  in  mnmcr. 

Bains  ■ourcely  e?er  fiJl  during  sommar  in  the  •owtli  e—l  of 
Prance,  in  Italy,  the  ecmth  of  Portagd,  or  in  that  part  of  Europe 
which  is  most  contisriious  to  Africa. 

In  Europe,  the  niuiiber  of  rainy  days  during  the  year  geuemliy 
dfxrftagffiii  from  south  to  north.  On  the  a?era§;e  throng  the  year 
there  are  about  at  follows : 

in  southern  Europe    •       .120  rainy  days. 
„  central       „        .       .146  „ 
„  northern    „        .       .180  „ 

That  the  quantity  <rf  rain  does  not  akme  depend  open  the 
number  of  lainy  days  ia  efident^  smoe  it  matters  not  bour  many 
days,  but  bow  mueb  it  rains ;  although  the  number  of  rainy  days 

increases  in  northern  districts,  the  intensity  of  the  rain  generally 
diminishes,  and  thus  we  see  why  in  St.  Petersburg,  for  instance, 
the  number  of  rainy  days  is  in  general  greater^  although  the 
quantity  of  rain  that  ^eUIb  ia  less. 

The  quantity  ^of  rain,  as  well  as  the  number  of  rainy  di^ 
deereaaes  with  die  increased  distance  from  the  sea;  thus;,  for 
instance,  there  are  about  as  (bllows : 

m  St.  Petersburg  .       .  .168 
Casan      ....  90 
„  Jakutak  .      .      .      .  eo 
rainy  days  in  the  come  of  the  year. 

As  under  equal  (  iicunistances  rain  in  warmer  districts  is  more 
intense  than  in  eulder,  it  is  also  more  intense  ui  the  warmer 
than  in  the  colder  season  of  the  year.  There  are  on  an 
average  88  rainy  daya  in  Germany  in  the  winter,  and  42  in 
the  summer;  the  number  of  the  lainy  di^  in  aummer  ia  therelbie 
scarcely  more  considerable  than  in  winter,  and  yet,  the  quantity 
of  rain  in  summer  is  about  double  as  great  as  in  winter.  In  the 
summer  months  there  often  iklls  more  rain  in  a  single  storm  tl^^p 
during  many  weeks. 

Aim  between,  the  tropics. — Where  the  trade- winds  blow  with 
the  greatest  regularity,  the  sky  is  for  the  most  part  dear,  and  it 
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seldom  ihiiib;  that  is,  when  the  sun  stands  above  the  other 

hemisphere.  On  continents,  however,  the  regularity  of  the  trade- 
winds  is  disturbed  by  the  intensity  of  the  ascending  current  of  air 
as  soon  as  the  sun  approaches  the  zenith ;  about  this  time  a 
violent  rain  sets  in,  which  lasts  many  months,  whilst  during  the 
femainder  of  the  year  the  sky  is  nniformly  dear,  and  the  air 
dry. 

Humboldt  has  described  the  phenomena  of  the  ndny  season 
in  the  northern  part  of  Sooth  America.   From  December  till 

February  the  air  is  dry,  and  the  sky  clear.  In  March  the  air 
becomes  more  humid,  the  sky  less  pure ;  the  trade-winds  then  blow 
less  strongly,  and  the  air  is  often  quite  calm.  By  the  end  of 
March,  the  storms  set  in ;  they  begin  in  the  afternoon,  when 
the  heat  is  greatest,  and  are  accompanied  by  violent  torrents 
of  rain.  Towards  the  end  of  Apnl,  the  actual  ramy  season 
begins,  the  sky  is  overcast  with  a  uniform  gray  tint,  and  it 
rains  daily  from  9  a.m.,  till  4  p.m.  ;  at  night  the  sky  is  mostly 
clear.  The  rain  is  the  most  violent  when  the  sun  is  in  the  zenith. 
The  time  during  the  day  in  which  it  rains  then  becomes  gradually 
shorter,  and  towards  the  end  of  the  rainy  season  it  rains  only  in 
the  afternoon. 

The  length  of  time  of  the  rainy  season  is  not  the  same  for 
jdiflSerent  districts,  but  lasts^  genmQy  speaking,  from  8  to  5 
months. 

In  the  East  Indies,  where  the  regularity  of  the  trade-winds  is 
disturbed  by  local  influences,  and  where  the  moiisuons  take  their 
place,  we  also  find  irregularities  in  the  quantities  of  rain.  On 
the  steep  western  coasts  of  India,  the  rainy  season  corresponds 
with  oar  winter,  occurring  at  the  time  when  the  south-west 
monaoona  prevafl,  and,  being  laden  with  humidity,  stiike 
the  high  mountains.  Whilst  it  rains  upon  the  eoasts  of  Malabar, 
the  aky  is  dear  in  the  eastern  shores  of  Coromandel ;  here  the 
rainy  season  comes  in  with  the  north-east  trade-wind,  that  is, 
exactly  at  the  time  when  the  dry  season  prevails  upon  the  western 
coasts. 

In  the  region  of  calms,  periodical  rains  do  not  prevail;  but  violent 
torrents  of  rain  are  of  almost  daily  occurrence.  The  ascending  cur- 
rent of  air  caniea  a  mass  of  vapour  on  high,  which  agsin  condenses 
in  the  colder  regions.  The  sun  almost  always  rises  with  a  dear  sl^, 
bat  towards  noon  a  few  doads  are  formed,  which  become  denser 
and  denser,  until  at  length  an  immense  quantity  of  rain  falls. 
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■mid  ynckKd  gniti  of  wind  and  ckefarkd  ditdMvgei.  Tisimdi 
efning  the  doudt  disperse,  md  the  mm  nnki  in  •  dev  sky. 

The  annual  quantity  of  rain  that  falls  in  tihe  tropics  is  in  gencnil 
▼cry  great ;  it  amounts  in  Bombay,  for  instance,  to  73,5,  in  Candi 
to  68,9,  in  Sierra  Leone  to  80,9,  at  Rio  Janeiro  to  55,6,  at  St. 
Domingo  to  100,9,  at  the  Uavanna  to  85^7,  and  in  (xionada  to 
106  Pteit  indiM.  If  we  now  oannder  that  lain  is  goMcattf 
limited  to  t  few  montli^  and  that  il  m}j  laina  dning  m  hm  hamm 
of  the  day,  it  is  evident  that  the  fain  mnit  be  very  lioient.  At 
Bombay  there  fell  in  one  day  6  inches  of  rain,  at  Cayenne  10  inches 
in  10  hours.  Tlie  drops  are  very  large,  and  fall  with  such  rapidity, 
that  they  give  rise  to  a  sensation  of  pain  if  they  strike  against  the  skin. 

Snow  and  Hail, — Even  at  the  present  time  we  know  verv^  little 
ii^gardingtfaelbraiationof  snow.  It  ia  pvobaMe  that  the  doada 
in  whidi  die  lUkm  of  snow  aie  firat  temed,  eoBaat,  not  ef 
veaifllea  of  Taponr,  biitof  mimitecrystalaQf  iee^  whidi  by  theeoa- 
timions  condensation  of  vapour  become  larger,  and  then  form 
flakes  of  snow,  which  continue  to  increase  in  size  while  falling 
through  the  lower  strata  of  air.  When  these  lower  regions  are 
too  warm,  the  flakes  of  snow  melt  belbie  leaohiag  the  grouid^  ae 
that  it  raina  below  while  it  snows  above. 
The  FBgolar  form  assomed  by  flakea  of  soow^  m  the  state 

wlmdi  tiiay  can  be  beat  oibenrvedy 
namely,  when  they  are  placed  on  a 
dark  body  cooled  below  32^,  was 
first  described  by  Kepler.  Scoresb^ 
had  an  opportunity,  in  the  polar 
regions,  of  maidng  e  mnBiier  ef 
intanaiing  obaarratkma  oq  Hm 
hnoM  of  the  flakea.  Hk  weA 
eontaina  nearly  100  different  plates;, 
of  which  some  of  the  most  interest- 
ing have  been  collected  in  Fig.  520. 

A  mere  superficial  glance  at 
these  figmea  shows  that  all  their 
foma  aie  esnntiaUy  xeferriUe  to 
e  legnlar  hengonal  atar,  ftem 
whence  it  follows  that  snow-flakes 
belong  to  the  hexagonal  system  of 
crystals  (the  crystal-system  of  rock 
crystals). 


no.  520. 
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8kii,  wlndi  we  utnally  obtem  m  Maidi  and  Aprils  is  formed 

in  the  same  manner  as  snow.  The  granules  of  sleet  are  formed  of 
tolerably  firm  spherical  icicles. 

Hail  is  one  of  the  most  fearful  acourgfes  to  the  agriculturist^ 
and  one  of  the  most  mysterious  phenomena  to  the  meteorologist. 

Tke  ofdioaiy  sue  of  hail-itoiies  is  that  of  a  baiel  nut;  they  aie 
very  frequently  smaDflTj  Imt  ^ese,  being  kaa  dangeroas,  aie  not 
paitieiilarly  regarded.  Thtj  are  oftm,  luiwefcr,  mndi  larger^  and 
destroy  everything  they  strike. 

Trustworthy  i)ilosopher8  have  observed  hail-stones  which  weighed 
12  to  13  ounces. 

The  form  of  hail-stones  is  liable  to  great  variation ;  most  eom- 
BMmly  they  are  loonded,  bat  sometimes  flattoied  and  angular. 
In  their  centre  thore  ia  nsually  an  opaque  nadens,  resembling  a 
granule  of  sleet :  this  nucleus  is  surrounded  by  a  transparent  mass 
of  ice,  in  which  we  may  often  observe  separate  concentric  layers  ; 
sometimes  alternating  layers  of  transparent  and  opaque  ice  may  be 
seen ;  and,  finally^  even  hail-stones  with  a  striated  structure  have 
becsi  observed* 

Pmilkt  found  that  the  temperature  of  hail-stones  varied  from 
Slto260. 

HaO  genorally  precedes  a  tbunder-storm.  .  It  never,  or  at  any 

rate  but  very  rarely^  follows  rain ;  at  least,  when  the  latter  has 
continued  some  time. 

A  hail-storm  generally  lasts  only  a  few  minutes,  very  seldom  so 
long  as  a  quarter  of  an  boor.  The  quantity  of  ice  which  escapes 
from  the  doods  in  so  short  a  time  is  enormous ;  the  earth  being 
oHen  eofCKed  by  it  to  the  depth  of  several  mehes. 

Hafl  foDs  more  frequently  by  day  than  by  night.  The  ekmds 
which  bring  it  seem  to  have  a  considerable  extension  and  depth, 
for  they  generally  occasion  great  darkness.  It  is  believed  that 
they  have  been  seen  of  a  peculiar  greyish  red  tint,  and  that  ^reat 
massrs  of  clouds  were  suspended  from  their  lower  confines,  and  their 
edges  variously  indented. 

Hail-doada  seem  generally  to  fkwt  very  low.  The  inhabitants 
of  mountainous  districts  often  see  donds  below  them  which  cover 
the  valleys  with  bail;  it  cannot,  however,  be  determined  with 
accuracy  whether  hail-clouds  always  descend  so  low. 

A  peculiar  rustling  noise  is  heard  a  few  seconds  before  the 
banning  of  a  hailnrtorm ;  and,  finally,  hail  is  always  accompamed 
by  efeetiical  phenomena. 

N  N 
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Ab  to  what  ooneenis  iAnB  ezpUaMlkm  of  bail,  this  pmenti  tuo 

difficulties:  namely,  as  to  whence  the  preat  cold  comes,  wliidl 
causes  the  water  to  freeze ;  and  next,  how  it  is  possible  that  the 
hail-Atonea,  after  having  once  become  large  enough  to  fall  by  their 
own  weighty  can  lUttn  long  enon^  in  the  air  to  ineraMO  to  m 
aooaidcrabk  a  Mfa* 

With  legard  to  the  fint  qneation*  VoUm  thoo^  that  the  aolar 
raya  were  ahnoat  whoDf  abamhed  al  tiie  upper  eonfinea  of  tiie 
dense  eloucls,  which  would  necessarily  occasion  a  rapid  evaporation, 
especially  when  the  air  above  the  clouds  was  very  dry ;  this  evapo- 
ration would,  according  to  him,  cause  so  much  heat  to  be  ab- 
aoffbedy  that  the  water  in  the  Unm  strata  of  air  would  freeee.  If, 
however^  the  evaporation  of  the  water  in  the  JXfpat  atxatum  of  air 
wetP'OeeaakHiedby  the  heat  of  the  aolar  iiyi^  ft  la^ 
ao  much  heat  ahoold  be  withdrawn  from  ^  lower  Ivfera  of  douda 
by  means  of  this  evaporation. 

With  reference  to  the  second  question,  Volta  proposed  a  very 
ingenious  theory,  which  has  attained  great  celebrity.  He  assumes 
that  two  layera  of  doodi,  heavily  charged  with  opposite  kinds  of 
dectiicity,  hover  above  one  another.  If  now  the  veij  amall  haiU 
atonea  fiJl  i^Km  the  lower  cJoadi^  they  wiU  penetrate  to  m  cattmm 
depth,  and  thna  beeome  aaifoiinded  1^  a  new  layer  of  iee;  tbey 
will,  however,  also  become  charged  with  the  electricity  of  the  lower 
cloud,  and  be  repelled  by  it,  while  they  will  be  attraeteil  by  the 
other;  they  wall  therefore  again  rise,  in  spite  of  their  gravity,  to 
the  upper  doud,  where  the  same  process  will  be  repeated ;  tboa 
they  will  move  for  a  tune  backwards  and  forwards  between  the  two 
donda,  until  at  laat  they  will  frU^  wlm  th^  beeome  heaivy  cnoai^ 
and  when  the  donda  have  loat  iJbar  deetridty. 

It  may  be  objected  to  this  view,  that  it  is  scarcely  conceiv- 
able that  electricity  is  able,  without  any  sudden  action,  that  is, 
without  any  explosive  discharge,  to  raise  such  large  masses  of  ice ; 
and  that  if  the  electric  charge  of  the  two  clouds  were  really  so 
powerfol,  the  electricity  must  instantaneonsly  pass  from  one  to  the 
other:  espedally  ainoe  the  hail<4tonea  nraat  eataUiah  e  eonneetion 
between  tJiem* 
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GHAPTEI&  IV. 

OPTICAL  PHSNOMSNA  09  THB  ATMO^PHJUUS. 

Colour  of  the  sky. — The  clear  sky  appears  to  iis  to  be  blue,  and 
this  blue  is  sometimes  brighter  and  whiter^  and  sometimes 
darker,  according  to  the  state  of  the  atmosphere;  on  high 
moimtaiiia  the  sky  appean  dark  Unei  or  almoat  blaek.  This 
is  icadily  explained:  if  the  air  were  peifectly  transparent,  if  its 
iDfifidaal  partidea  refleeted,  or  rather  aeattered  no  lights  the 
sun,  moon,  and  stars  would  shine  out  forth  from  a  black 
ground ;  but,  as  it  actually  is,  the  particles  of  air  reflect  the  ligrht, 
and  thus  it  happens  that  during  the  day  the  whole  sky  appears 
bright,  because  the  particles  of  air  illuminated  by  the  sun  scatter 
the  light  in  all  directions*  This  illumination  of  the  atmosphere 
by  the  aon'a  raya  ia  the  eanae  of  oor  not  seeing  the  stara  dming 
tile  day.  The  partidea  of  anr  lefleet  moafly  Une  light,  and 
henee  it  ia  that  the  daiic  wmtt  of  hearen  is  invested  with  a  blue 
tint.  The  higher  we  rise  in  the  atmo8])here,  so  much  the  thinner 
is  the  blue  envelope,  and  consequently  so  much  the  darker  does 
the  heaven  above  us  appear ;  thus  the  darkest  blue  is  always  in 
the  lenithy  while  towards  the  honaon  there  ia  more  of  a  whitish 
tint. 

The  pore  Une  of  tiie  siky  is  especially  deeohmriied  by  the  oon- 
deoaed  ▼apoor  floating  in  the  aur,  by  fine  mists,  which  often  invest 
the  liky  as  with  a  delicate  veil,  without  being  sufliciently  dense  to 
appear  as  clouds. 

The  phenomena  of  the  evening  and  morning  red  are  explained 
hy  saying  that  the  air  permits  of  the  passage  of  the  red  and  yellow 
nys  in  preference^  but  that  it  reflecta  the  bloe  raya.  The  son's 
laya  in  the  evening  and  morning  have  to  traverse  a  considerable 
Bptnot  through  the  atmosphere,  hence  the  red  eokaring  of  the 
transmitted  rays,  which  is  particularly  brilliant  when  clouds  are 
illuminated  by  them. 

This  opinion  cannot  be  altogether  correct,bccau8e  the  blue  tint  of 
the  sky  is  not  the  complementary  colour  of  the  evening  red. 
The  evening  red  depends  probably  on  the  vapour  of  water  contained 
in  the  air. 

When  a  column  of  steam  rises  from  the  safety-valve  of  a  steam- 
engine,  ai^  Ibr  instance,  of  a  loeomuiife;^  the  aim  seen  through  the 
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steam  appears  of  a  deep  orange  red ;  some  feet  abore  the  safety- 
valve,  at  which  the  steam  is  escaping,  its  eolour  by  transmitted 
light  has  the  deep  onuo^  tmt  akeady  described ;  at  a  greater  dis- 
imoe,  irhere  the  vapour  it  more  pofectly  ocmdensed,  the  pheno- 
menon entirely  diMppem.  Even  a  modewtdy  thick  dond  e£ 
^nptm  ie  perfectly  impcnetnUe  to  the  mm'i  laye^  it  Amro 
a  ehedow  like  a.  edlid  body ;  and  when  ite  ihidfcneee  ia  anall, 
it  is  then  indeed  transparent,  but  colourless  throughout.  The 
orange  colour  of  vapour  appears,  therefore,  to  pertain  to  a 
peculiar  state  of  condensation,  in  a  perfectly  gaseous  state, 
aqneooa  vapour  is  quite  transparent  and  cokmrless;  in  waj 
tvanntive  etate^  it  ia  transparent  and  of  a  dingy  red ;  but  when  it 
ia  perfeetfy  oondenaed  into  veaelea  of  miety  a  thhft  layer  ia  tram 
rent  and  eokmrleeB,  while  a  thiek  layer  is  perfectly  opaque* 

Aqueous  vapour,  being  a  pure,  colourless^  elastic  fluid,  gives  to 
the  air  most  of  its  transparency,  particularly  as  is  observed  when  the  | 
sky  clears  after  a  severe  rain.    In  the  transition  stage,  it  admits  I 
of  the  passage  of  the  yellow  and  red  rays,  and  in  this  condition  ' 
gives  rise  to  the  appearance  of  the  evening  red. 

This  theory  will  also  eiphun  why  it  ia  that  the  eraning  red  ia 
hoc  more  brilliant  than  the  morning  red;  that  the  evening  red  and 
the  morning  gray  are  signs  of  fine  weather.    Immediately  after 
the  maximum  diurnal  tcuij)crature  has  been  attained,  and  before 
sunset,  the  surface  of  the  earth  and  strata  of  air  at  different 
heights  begin  to  lose  heat  by  radiation.    Before,  however,  this  has 
led  to  the  entire  condensation  of  the  aqueous  ?^oar,  it  pa^^sea 
-   throogih  that  tranaitumitage  which  canaea  the  evening  red.  In  the 
morning  the  caae  ia  different.   The  ^nipoara  idiich  in  the  revenion 
of  the  proeeaa  would  probably  have  given  riae  to  the  red,  do  not  rise  ^ 
till  they  have  been  ex])osed  sufficiently  long  to  the  sun's  action,  but 
then  the  time  of  the  sun's  rising  is  over,  and  the  sun  stands  high  in  ^ 
the  heavens.    The  fiery  appearance  of  the  morning  sky  depends  on 
the  presence  of  such  an  excess  of  moisture,  that  by  its  condensation  ' 
in  the  higher  regions  aetual  clouds  are  formed,  notwithstanding  the  | 
tendeni^  of  the  riamg  aon  to  diaperae  them;  the  morning  red  ii  i 
therefim  to  be  conaidered  aa  the  Ibreronner  of  speedy  rain. 

When  the  sun  has  disappeared  in  the  western  borison,  instead 
of  there  being  immediate  darkness,  we  have  the  twilight,  which  lasts, 
under  different  circumstances,  for  a  longer  or  shorter  time.  The 
twilight  is  produced  by  the  sun's  continuing  to  shine  on  the  atmo- 
aphere  of  Uie  weatem  aky,  and  on  the  aqneooa  particlea  aoqpended 
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in  it,  for  some  time  after  it  has  disappeared  from  our  view,  and  on 
these  illuminated  particles  of  air  and  water  continuing  to  transmit 
to  us  a  light  which  becomes  gradually  fainter  and  fainter.  In 
Germany  and  countries  of  the  same  latitude  the  twilight  lasts  till  the 
sun  is  about  18^  below  the  horizon.  The  prolonged  duration  of 
twihght  in  higher  latitudes  is  dependent  on  the  circumstance 
that  the  sun's  orbit  is  there  very  strongly  inclined  towards  the 
horizon,  and  that  consequently  it  takes  a  very  considerable  time 
for  the  sun  to  sink  18"  below  it.  The  nearer  we  approach  to  the 
equator,  so  much  the  less  oblique  is  the  sun's  orbit  towards  the 
horizon,  until  under  the  equator  the  two  are  at  right  angles ;  in 
hot  countries  the  twilight  is  therefore  of  shorter  duration.  In 
Italy  it  is  shorter  than  in  Germany,  in  Chili  it  lasts  only  a  quarter 
of  an  hour,  and  in  Cumana  only  a  few  minutes.  This  extremely 
short  twilight  is  not  solely  to  be  referred  to  the  direction  of  the 
sun's  orbit  with  respect  to  the  horizon ;  we  must  also  take  into  con- 
sideration the  extraordinary  purity  of  the  sky  in  those  countries, 
for  in  our  regions  the  delicate  mists  which  float  high  in  the  air, 
and  during  the  day  veil  the  sky,  materially  assist  in  reflecting 
the  light  and  so  prolonging  the  twilight. 

Tlie  rainbow. — Every  one  knows  that  we  see  a  rainbow  when 
we  have  the  sun  behind  us  and  face  a  showery  cloud.  The 
rainbow  forms  the  base  of  a  cone,  whose  vertex  is  the  eye,  and 
whose  axis  coincides  with  the  straight  line  passing  through  the  sun 
and  the  eye.  Under  the  above  conditions  the  rainbow  appears  in 
the  mist  of  waterfalls  and  fountains. 

In  order  to  explain  the  formation  of  the  rainbow,  we  must  follow 
the  course  of  the  sun's  rays  through  a  drop  of  rain. 

If  a  ray  S  A  (Fig.  521)  strikes  a  rain-drop,  it  is  refracted,  and  it 
no.  521.  is  easytocalculateor  to  construct  the 

direction  of  the  refracted  ray  A  B. 
The  refracted  ray  ^  ^  is  reflected  at 
By  by  the  posterior  wall  of  the  drop 
to  C,  and  then  after  a  second  refrac- 
tion emerges  in  the  direction  C  O. 
The  emergent  ray  C  O  forms  with 
the  incident  ray  an  angle  S  N  O. 

But  many  other  rays  fall  on  the 
drop  parallel  with  S  A ;  and  if  we 
calculate  or  construct  for  each  of 
them  their  path  through  the  drop,  as  we  have  done  in  the  figure 
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for  a  second  ray,  it  will  be  found  that  the  emergent  rays  arc  not 
parallel  to  one  another. 

While,  therefore,  a  parallel  pencil  of  light  falls  on  the  drop,  a 
pencil  of  light  strongly  divergent  emerges  from  it.  It  is  easy  to 
understand,  that  by  this  divergence  of  the  rays  emerging  from  the 
drop,  the  strength  of  the  impression  of  the  light  which  they  produce 
is  very  much  weakened,  especially  when  the  drops  occur  at  only  a 
slight  distance  from  the  eye.  Of  all  the  rays  which  enter  the  eye 
from  a  drop  after  two  refractions  and  one  reflection,  those  only  can 
make  that  perceptible  impression  of  light  for  which  the  divergence 
is  a  minimum,  or,  in  other  words,  only  those  which  emerge  very 
nearly  parallel. 

From  more  accurate  examination,  it  follows  that  a  considerable 
number  of  parallel  incident  rays  fall  or  leave  the  drop  nearly 
in  the  same  direction,  having  suffered  a  deviation  of  very  nearly 
42^  30' ;  and  of  all  the  rays  emerging  from  the  drop,  these  alone 
can  produce  a  sensible  impression  of  light. 

Let  us  suppose  a  straight  line  o  p  (Fig.  522)  to  be  drawn 

no.  522. 


through  the  sun  and  the  eye  of  the  observer,  and  a  vertical  plane 
to  be  carried  through  it.  If  through  o  we  draw  the  straight  line 
o  r,  so  that  the  angle  p  o  v  =  42^  30',  then  the  rain-drops  in  this 
direction  will  send  effective  rays  to  the  eye  after  an  internal  reflec- 
tion. The  eye,  however,  does  not  receive  effective  rays  from 
this  direction  alone,  but,  as  may  easily  be  conceived,  likewise 
from  all  the  drops  of  rain  which  lie  on  the  surface  of  the  cone, 
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wbidb  arises  from  the  revolutbii  of  the  line  o  v  about  the  axis  op; 
the  eye  will,  therefore,  see  a  circle  of  light,  the  central  point  of 
which  lies  upon  the  straig^ht  line  drawn  through  the  eye,  and 
whose  radius  appears  under  an  angle  of  4i2P  30'* 

In  the  difection  mentioned  we  observe  a  cirde,  which  appears  aa 
m  red  nng^  about  8CV  in  breadth,  in  ecmsequenee  of  the  mm  not 
being  ft  mere  pointy  bat  a  disc,  whose  apparent  diameter  is 
Bat  as  the  effective  violet  rays  emerge  in  a  direction  making 
an  angle  of  40^  30'  with  the  incident  rays,  the  eye  perceives 
a  violet  ring  about  30'  broad,  whose  radius  amounts  to  only 
4CP  SO'.  Between  these  external  arcs  we  observe  the  othcar 
priamatie  eobors,  and  thus  the  rainbow  forms  as  it  were  a 
qpeetram  extended  into  a  eiicalar  arc.  The  whole  breadth 
of  the  rainbow  wcragea  H^,  aniee  the  ndioa  of  the  red  bow  ia 
2^  greater  than  that  of  the  violet. 

The  extension  of  the  coloured  arc  obviously  depends  on  the 
sun's  altitude  above  the  horizon.  When  the  sun  is  fast  going 
down,  the  rainbow  appears  in  the  east,  the  centre  of  the  bow 
then  lying  exactly  in  the  horizon,  since  the  line  drawn  throagk 
the  ami  and  the  eye  ia  then  a  hoiuontal  line;  when  the  iobaerver 
atands  onaplane^  the  rainbow  then  fiirma  an  esaet  semi-drde; 
he  ean^  however,  see  more  than  a  aemi-cifele,  if  he  stand  on 
an  isolated  mountain-top  of  small  breadtli.  At  sun-rise  the 
rainbow  appears  in  the  west.  In  proportion  to  the  height  of 
the  sun,  so  much  the  lower  is  the  centre  of  the  coloured  bow 
below  the  horizon,  and  conseqnoitly  ^<o  much  the  smaller  is  the 
portion  of  the  bow  visible  to  the  eye.  If  the  ann'a  elevation  above- 
the  horiioii  ia  4ifi  80',  no  rainbow  ia  any  longer  viaible  to  an 
observer  standing  on  a  pkne  at  the  level  of  the  sea,  since  then  its 
snmniit  coincides  with  the  horizon,  and  the  whole  are  falls  below 
it.  From  the  masts  of  ships  we  often  observe  rainbows  forming  a 
perfect  circle.  Such  circular  rainbows  are  also  often  observed  in 
waterfalls  and  fountains. 

Besides  the  rainbow  already  described,  we  also  nsnally 
observe  a  seoond  and  larger  oob,  oonoentrie  with  the  first,  bnt 
having  the  order  of  the  eokmrs  reversed,  in  the  exterior 
rainbow  the  red  being  the  inner,  and  the  violet  the  exterior 
colour.  The  external  rainbow  is  much  the  paler  of  the  two, 
and  has  the  coloui-s  much  less  strongly  developed.  Formerly 
it  was  erroneous^  believed  that  the  second  rainbow  waa  a  mere 
imagB  of  the  fint  The  formation  of  the  onter  bow  depends 
on  enetly  the  some  princq^  aa  that  of  the  inner  bow,  and  ia 
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pvodneed  by  tbe  inn's  nys,  wiuekhave  imdaefQne  a  teeondnftae* 
tion  and  a  $eemd  mtmml  r^Uetim  in  tlie  lainhdropfc 

In  lig.  628  is  wprownted  tlw  eonrte  wliidi  a  ray  of  light 

wo.  523.  pursues  in  the  rain-drop  in  order  to 

be  a  second  time  reflected.  S  j4  is 
the  incident  ray,  which  is  refracted  in 
the  direction  A  B,  then  reflected  at 
B  and  and  finally  rafraeted  at  D 
in  the  dimtion  D  0.  InOiiicaK 
tbe  ineideiit  and  the  emergent  laya 
intersect,  forming  with  one  another 
an  anj;le  d,  whose  magnitude  varies 
according  as  the  incident  ray  im- 
]Mnge8  on  the  drc^  at  another  plaoei  theiefora  under  another 
angle  of  ineidenee* 

In  this  eaae  the  effective  emggent  led  nyafom  an  ai^ 
and  the  effective  emergent  viol^  rays  an  angle  of  584<^  with  the 
incident  rays ;  the  eye,  therefore,  perceives  a  series  of  concentric 
coloured  rings,  the  innermost  of  which  is  red,  and  has  a  radius 
of  50^,  whilst  the  outermost  on^  the  viokty  has  a  ladios  of 
68^0. 

The  outer  rainhow  is  the  pal«  beeanae  it  is  feimed  hj  nya 
whieh  have  nndetgooe  a  seoond  internal  lefleetkm,  and  (aa  ia  weO 
hnown)  after  every  refleetiOD  hght  heeomes  vreaker.  We  should 

be  able  to  see  a  third,  and  even  a  fourth  rainbow,  formed  by  rays 
which  liad  undergone  three  or  four  internal  reflectionSy  if  the  light 
of  these  rays  were  not  too  faint. 

ITaiiot  and  Parhelia.^'Whea  the  sky  is  invested  vrith  light 
ckmdsy  we  often  observe  ookrared  rings  dose  immd  the  son  and 
moon.  These  rings  are  frequently  imperfect^  and  mere  portions. 
Tlie  hiiet  that  lunar  halos  are  nMre  frequently  observed  thsn 
solar  halos,  is  dependent  on  the  circiunstancc  that  the  sun's  light 
is  too  dazzling;  the  latter  are,  however,  seen  on  observ  ing  the  sun's 
image  in  still  water,  or  in  a  mirror  blackened  at  the  back. 

These  halos  present  the  greatest  similarity  to  the  glory 
obaervaUe  round  the  fiame  of  a  taper  on  looking  at  il  thnogh 
a  g^ass  plate  on  whidi  lyeopodinm  seed  has  been  strewed ;  in 
frMSty  boUi  these  phenomena  depend  <m  the  phenomena  of  inter* 
ference ;  the  vesicles  of  vapour  may  replace  the  minute  particles 
of  seed  in  the  latter  ease. 

Sometimes  we  also  notice  two  larger  coloured  circles  around  the 
sun  and  moon;  these  must  not  be  mistaken  for  hakis.  Tbe 
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radius  of  the  smaller  of  these  luminous  rings  appears  under  an  angle 
of  22  or  23^^,  whilst  that  of  the  greater  under  an  angle  of  46^  or 
47^.  The  red  in  them  is  inverted  inward ;  the  inner  edge  is  the 
sharper,  the  outer  is  more  undefined  and  less  decidedly  coloured. 
The  two  circles  rarely  appear  simultaneously.    Fig.  524  exhibits 


PIG.  524. 


the  phenomenon  as  we  have  most  commonly  the  opportunity  of 
observing  it ;  the  smaller  ring  has  a  radius  of  22^  or  23*^ ;  it  is 
intersected  by  a  horizontal  streak  of  light,  which  often  extends  to 
the  sun  itself.  The  streak  is  brightest  at  the  points  where  it 
intersects  the  ring  of  light ;  these  bright  spots,  which  we  observe 
on  both  sides  of  the  sun  on  the  outer  circumference  of  the  ring, 
are  the  parhelia ;  sometimes  one  such  parhehon  appears  vertically 
above  the  sun  at  the  summit  of  the  ring ;  but  at  this  point  also, 
there  is  often  seen  an  arc  of  contact,  as  shown  in  Fig.  524.  More- 
over, we  often  observ'e  parhelia  without  rings,  or  rings  without 
parhelia.  These  rings  and  parhelia  never  appear  in  a  perfectly 
unclouded  sky,  but  only  when  it  is  overcast. 

The  appearance  of  these  rings  has  been  explained  by  assuming 
that  light  is  refracted  by  the  crystals  of  ice  suspended  in  the 
atmosphere.  If  the  icicles  are  six-sided  prisms,  the  two  non- 
parallel  and  non -joining  sides  always  form  with  one  another  an 
angle  of  60";  the  icicles  form,  therefore,  regular,  equilateral, 
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triangular  prisms,  in  which  the  minimum  of  deviation  is  about 
2S^K  Rays,  which  have  undergone  in  the  icicles  the  minimum 
of  deviation,  are  analogous  to  the  active  rays  in  the  rainbow,  since 
many  rays  emerge  very  nearly  in  the  same  dircctioa.  This 
hypothesis,  therefore,  explains  at  the  same  time  the  formation  of 
the  ring,  its  aiie,  and  the  order  in  whidi  the  oolonrs  take  place. 

The  ring  of  46P  is  explained  hy  the  assumption  that  the  axis  of 
ihe  prisms  stands  ohiiqnely,  in  such  a  manner  that  the  right  angle 
which  the  lateral  surfaces  of  the  prism  make  with  the  base  is  the 
refracting  angle  of  the  prism.  For  a  prism  of  ice,  whose  refracting 
angle  is  90^,  the  minimum  of  deviation  is,  in  point  of  fact,  46**. 

The  light  streaks  accompanying  the  parhelia  are  explained  by 
the  reflection  of  the  sun's  rays  from  the  vertical  surfaces  of  the 
crystals  of  iee.  The  streak  is  brightest  where  it  cuts  the  ring  of 
2Sf^,  since  here  two  causes  co-operate  to  aflbct  the  stronger 
ilhmiinatioa. 

Iptis  Fatttus,  or  the  Will-o'-t he-Wisp,  is  the  name  usually 
given  to  certain  tlames  seen  in  marshy  lands,  moors,  churchyards, 
&c.,  in  fact,  wherever  putrefaction  and  decomposition  are  going  on  ; 
they  usually  appear  a  little  above  the  ground  exhibit  a  flickering 
and  unsteady  motion,  and  soon  again  vanish.  Although  we 
are  usoally  in  the  habit  of  treating  these  lights  as  fhoroughly 
understood  phenomena^  there  is  yet  great  uncertainty  n^garding 
them,  smoe  they  have  not  been  sufficiently  explained,  and  what  is 
considered  as  matter  of  fact  not  at  all  times  to  be  received,  owing 
to  the  circumstance  that  most  persons  who  have  seen  them  were 
not  in  a  state  to  make  accurate  observations,  and  to  explain  in  an 
unprejudiced  manner  what  they  saw. 

Volt  a  held  the  opinion  that  these  lights  were  caused  by  marsh 
gas  (light  carburetted  hydrogen)  inflamed  by  an  electric  spark*  But 
ttam  whence  could  the  spark  arise  ?  Others  are  of  opmion  that 
they  are  caused  by  phosphuretted  hydrogen,  which  inflames  aa 
soon  as  it  comes  into  contact  with  atmospheric  air;  but  then 
there  would  be  a  momentary  flash  accompanied  by  a  puff  of 
smoke,  and  not  a  prolonged  feeble  light,  such  as  is  observed. 
The  most  probable  view  is  that  they  are  caused  by  hydrogen 
gas  containing  phosphorus,  which  does  not,  properly  speaking, 
bum  as  a  flame,  but  is  only  faintly  phosphorescent. 

FaUmg  stan,  fire-baUi,  and  meteoric  t/oiiet The  appearance 
presented  by  fidling  stars  is  so  generally  known  as  to  requne 
no  detailed  description.   It  has  been  ascertained  by  corresponding 
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observations  that  the  height  of  falling  stars  averages  34  or  85 
(German)  miles,  and  that  they  move  with  a  velocity  varying  from 
4  to  8  (Gremian)  miles  in  a  second. 

A  very  remarkable  pbenomenon  connected  with  falling  stars,  is 
the  periodically  recurring  sbowers  which  have  been  observed  £rom 
the  Idth  to  the  14th  of  NoTember,  and  on  the  10th  of  August 
(the  Feast  of  St.  Lawienoe) ;  these  periodic  showers  of  stan  of 
tiie  latter  date  are  noticed  in  an  ancient  English  ehnrch  eslendar, 
and  are  termed  the  fiery  tears  of  the  Saint.  One  of  the  most 
considerable  of  these  showers  of  stars  was  observed  in  North 
America  on  the  12th  and  13th  of  November,  1833  ;  they  appeared 
to  fall  almost  in  contact,  like  flakes  of  snow  in  a  suow-storm,  and 
it  was  calculated,  that  in  the  ooozse  of  nine  hours  no  less  than 
fMOflOO  feU. 

Fbre-baBs  appear  to  have  the  same  origin  and  to  be  of  the 
same  nature  as  the  fidling  stars  just  described,  and  to  differ  from 
them  merely  in  siie.   Eire-balls  have  been  seen  amongst  the  great 

falling  stars. 

Fire-balls  explode  with  a  great  noise,  and  stony  masses  then 
fall  from  them,  known  as  meteoric  stones,  or  aerolites.  Even 
during  the  day-time  such  meteoric  stones  have  been  seen  to  fall, 
with  a  loud  report,  from  small  gray  clouds. 

Meteoric  stones^  just  fidlen^  are  stiU  hot,  and  in  consequence 
of  ihe  velocity  of  their  penetrate  the  earth  to  a  greater  or 
less  degree. 

About  the  era  of  the  last  century,  there  was  a  strong  tendency 
to  regard  the  falling  of  stony  masses  from  the  atmosphere  as 
fabulous ;  but  since  that  period  various  cases  have  occurred  which 
have  been  observed  by  several  persons,  and  have  been  attested  to 
by  men  in  whom  confidence  must  be  placed.  We  may  especially 
mention  the  meteoric  stone  that  ieH  at  Ai^e,  in  the  department  cS 
OroB,  on  the  26th  of  April,  1808,  ciamined  by  Bwt,  and  that  on 
the  dSnd  oi  May,  1808,  and  that  at  Stauners,  in  Moravia.  On 
the  13th  of  November,  1835,  (at  the  period,  therefore,  of  the 
falling  stars),  a  bouse  in  the  department  of  Aiu,  was  set  on  fire  by 
an  aerolite. 

Meteoric  stones  have  a  peculiar  physiognomy,  by  which  they 
may  be  distinguished  from  all  terrestrial  fossils ;  but  notwitb- 
atandmg  tfaii^  they  differ  so  much  individually,  that  Chkubd, 
who  devoted  mudi  attention  to  these  subjects,  regarded  it  as 
dUBeult  to  assign  to  them  a  general  character.  One  of  their 
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most  marked  characteristics  is,  however,  their  containing  a  ccrtam 
imouut  of  native  iron,  and  a  bituminous,  glistening,  sometiuies 
iiiaed  extcnud  crust,  wliich  is  scarcely  ever  absent.  A  further 
deseriptioii  umild  infohe  ns  too  dsqi^  in  minenkisiflal  dctuk. 

Stony  masses  lunre  been  ftvnd  si  varioos  qiola  on  HbB  anUifa 
sofface,  perfeedy  distiiiet  in  geological  disneter  from  ^  momi'- 
tain  range  in  the  vicinity,  but  presenting  the  greatest  similarity  to 
stones  kno\^ni  to  be  of  meteoric  origin.  Hence  such  masses  are 
considered  to  be  aerolites. 

Tbe  mass  of  meteoric  sUmes  is  idUan  very  great;  tliey  have 
beoi  fbmiid  weighing  frmn  a  few  poonds  up  to  400  cwt. 

It  can  hardly  bo  longer  doubted  that  felling  stars,  firo-balla,  and 
moteotic  slonesy  are  of  eoamieal  origin,  or  tbat  they  are  moat 
probably  masses  which,  like  the  planets,  rcvohre  round  the  sun, 
and,  bt'ing  drawn  within  the  sphere  of  the  earth's  attraction, 
fall.  The  fire  and  light  accoinpanjnng  them,  are  most  easily 
accounted  for  by  the  assumption  that  these  minute  spheres 
are  snnomided  with  an  atmosphere  of  inftammahlo  gss^  whi^ 
inilamna  on  entering  into  tiie  onygeniaed  atmosphere  at  our  eartii. 
If  we  assnme  thati  besides  iJie  imwimeiaMe  indifidnal  maasea 
of  this  kind  rerolTing  round  the  son,  whole  swarms  of  them  ferm 
a  ring  round  that  body,  and  further,  that  the  plane  of  this  ring 
cuts  the  earth's  orbit  at  a  definite  pointy  we  have  an  explanation  of 
showers  of  the  periodic  felling  stars. 


CHAPTER  V. 

ON  ATMOSFHEBIC  BLECT&ICITT. 

Original  discovery  qf  atmospheric  ekdriaty. — Otto  von  Guerike, 
the  distingnished  inventor  of  the  air^ponqp^  was  the  first  wlio 
observed  an  deetric  sppeanmee  of  lig^.  About  the  same  tim^ 
WaU  noticed  a  vivid  spark,  and  hesrd  a  strong  mstling  80inid» 

on  robbing  a  large  cylinder  of  resin,  and  it  is  a  remarkable  thing 
that  the  first  sparks  drawn  by  the  human  hand  were  compared  to 
lightnine:.  These  sparks  and  these  cracks  seemed,  says  IVall, 
to  a  certain  degree,  to  represent  thunder  and  lightning.  The 
analogy  waa  sorpriaing;  in  order,  however,  to  test  its  tmfth. 
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and  to  detoet,  m  lo  mhnite  ui  appearanee,  the  emm  and  kwt  of 

one  of  the  grandest  phenomena  of  nature,  it  was  requisite  that  there 
should  be  a  more  direct  proof.   Whilst  in  Europe  men  occasionally 
asserted  that  lightning  was  actually  an  electric  phenomenon^ 
its  e]qpef]iiientai  proof  was  established  in  America.  FraMm, 
after  making  many  electrical  diteoveriety  especially  on  the 
L^dcn  jar,  and  on  the  inftowiee  ol  poinli^  anifed  at  the  hafqpy 
idn  of  eeaidbing  for  eleetrieity  efcn  in  thnndo 
that  metallic  points,  placed  on  lofty  buildings,  would  draw  oflf  the 
electricity  from  the  clouds.     He  waited  with  impatience  for  the 
completion  of  a  steeple  then  being  constructed  in  Philadelphia ; 
hat,  at  length,  weazy  of  waiting,  he  had  recourse  to  another 
plaD,  which  gave  him  even  more  certain  results.   Since  all  that  waa 
leqaiBte  waa  to  raiae  a  hoify  a  lofficiait  height  in  the  air,  he 
eoneeiyed  that  a  kite;,  a  ehild^a  toy^  would  answer  his  purpose  aa 
well  as  the  highest  steeple.  He  ayailed  himself  of  the  first  thunder- 
storm in  order  to  try  his  experiment ;  accompanied  by  a  single 
person,  his  own  son,  since  he  was  afraid  of  ridicule  if  his  attempt 
£siled,  he  set  off  into  the  open  country  and  began  to  % 
haa  kite.   A  cloud  of  gieat  promiae  paaaed  over  them  without 
producing  the  kaat  aetioiu  Another  paaaed  over,  hat  he  could 
draw  no  wpufa,  nor  could  he  aee  any  eigne  of  electricity.  At 
length  the  fibres  of  the  string  began  to  separate  from  one  another, 
and  he  heard  a  rustling  noise.     Encouraged  by  these  signs. 
Franklin  a])plicd  his  finger  close  to  the  end  of  the  string,  and 
then  observed  the  emission  ol  a  apark,  which  was  quickly  folk)wed 
hy  many  others. 

F^rtmklm  peddrmed  hie  eiperiment  in  June,  1762, .  it  waa 
univcraaDy  repeated' with  the  aamereanlta.  J2omat,  at  Nerac^ 
infloeneed  by  the  first  idea  of  Frank&i,  had  likewise  thought 
of  making  use  of  a  kite  instead  of  elevated  points.  Without 
having  received  any  account  of  the  results  arrived  at  by  Franklin, 
he  obtained  in  Juuc^  1753,  very  powerful  evidences  q£  electricity, 
owing  to  his  ingenious  contrivance  of  lajing  a  fine  metal  wire 
ikb  whole  length  of  the  atring.  In  the  year  1767,  JOe  Rmm 
iq^ealed  hia  cipcrimenti^  and  obtained  sparka  of  sorprising  aiie. 
''Let  the  reader  only  imagine,^'  aays  he,  '^streaka  of  fire  from 
9  to  10  feet  in  length,  and  1  inch  in  breadth,  accompanied  by  a 
cracking,  which  was  louder,  or  as  loud,  as  a  pistol  shot.  In 
less  than  an  hour  I  obtained  at  least  thirty  such  sparks,  not  to 
comit  the  thooaands  which  were  7  feet  kng^  or  leas*'' 
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Notwithstanding  the  measures  of  precaution  taken  by  this 
akilful  experimentalizer^  he 'was  struck  down  by  the  violoice  of 
the  charge. 

These  experiments  prove  most  completely  that  lightning  is  obHj 
an  electric  qpark. 

EleeirieUy  during  a  thtrnder^ttarm. — On  eumining  the  deetrical 
oonditum  of  ithe  dondt  which  gradnaDy  pan  am  Hit  kite,  we 
perceiye  that  they  are  sometimes  charged  with  podti?e  or  negative 
electricity,  and  sometimes  in  a  natural  condition.  Although  wc 
know  nothing  of  the  distribution  of  electricity  in  the  clouds,  the 
attraction  and  repulsion  of  the  unequally,  or  equally  electrified 
dondsy  is  doubtlessly  the  cause  of  the  extraordinary  motiona 
observed  in  the  heavens  during  a  thunder-storm.  Daring  this 
genefal  agitation  of  the  atmoaphere,  we  see  lightning  flash  tiirongli 
the  sky  and  hear  the  thunder  roll.  These  phenomena  we.aie  now 
about  to  eonsider  more  attentively. 

We  often  see  lightning  break  from  the  clouds,  and  flash  far 
across  the  sky.  On  observing  this  phenomenon  below  our  feet, 
from  high  mountains,  we  arc  able  to  form  a  more  correct  idea  of 
its  extent,  and  all  observers  agree  in  stating  that  under  similar 
drcunutances  they  have  observed  flashes  of  lightning  of  at  least  a 
German  mile  in  length ;  we  also  know  that  several  flashes  proceed 
from  the  same  cloud;  finally,  it  is  known  that  lightning  genendly 
describes  a  sigzag  line ;  this  Ibnn  ia  common  to  lightning,  and  to 
the  electric  spark. 

The  vesicles  of  vapour  which  form  clouds,  are  not  such 
perfect  conductors  as  metals;  and  although  we  do  not  know 
the  laws  of  equilibrium,  and  the  distribution  of  electricity  in 
imperfect  conductors,  it  is  still  evident  that  they  do  not  perfectly 
discharge  themselves  at  once,  and  that  they  can  be  brought  back 
to  theur  natural  condition  by  afisw sparks;  tliia  eo^laina  thereaaon 
why  the  same  cloud  emits  several  flashes. 

The  length  of  the  lightning  appears  also  to  be  a  consequence  of 
the  imperfect  power  of  conduction  in  clouds,  and  the  mobility 
of  the  particles  of  which  they  consist.  Wc  may  obtain  sparks 
of  1  metre  in  length,  through  dry  air,  from  the  conductor  of 
the  best  kind  of  electrical  machines ;  the  sparks,  however,  are 
still  longer  when  carried  off  over  woollen  or  silk  subtancea  that 
have  been  scattered  over  with  dust;  in  the  same  manner  we  ahould 
also  obtain  longer  sparks  through  a  mist,  if  it  did  not  too  mudi 
diminish  the  tension  of  the  dectridty.    In  order  to  explain 
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kngdi  of  theliglitning  we  miut  aMmnie  tihat,  ontheeonne  iriddi 
it  takes,  the  particles  of  vapour  arc  already  electrified  by  induc- 
tion, and  that  finally,  when  the  lightning  appears,  the  disturbed 
equilibrium  is  restored  from  one  layer  to  another,  and  that  to 
a  certain  extent,  sparks  only  pass  iiom.  one  particle  to  another, 
while  the  electdc  fluid  does  not  traverse  the  whole  come  intap- 
mung  between  the  remotely  aepanted  doods. 

Tlrander  k  not  mote  di£kdt  to  eaqid^ 
electtical  spark,  and  arises  Uran  liie  fihratioBS  of  the  powerfully 
agitated  air.  We  see  the  light  along  the  whole  course  of  the 
lightnincr,  and  the  report  arises  simultaneously  upon  the  whole 
extent  of  the  line;  as,  however,  soimd  ia  more  alowly  propagated 
than  light,  travenbig  onfy  340  metres  in  one  seeond^  we  see 
the  %h^w*g  bdne  we  hear  the  thunder  $  an  obaerver,  irtanding 
near  one  end  of  the  oooxaeof  the  lightnmg,  wOl  not  at  once  hear 
the  aoimd  arising  simultaneously  at  all  points.  If  we  assume 
that  the  lightning  is  3100  metres  distant,  and  the  observer  stands 
in  the  prolongation  of  its  course,  the  sound  will  reach  him  from 
the  most  remote  extremity  of  the  lightning,  only  10  seconds 
later  than  from  the  part  lying  nearest  to  him.  As,  conBeqnaBtfy^ 
sovrnd  reaehes  the  ear  of  the  observer  only  hy  degrees  from 
diffierait  parts  of  the  flash,  he  does  not  hear  an  instantaneous 
noise,  hot  a  more  or  less  prolonged  rolling  of  the  thnnder, 
increased  in  intensity  by  the  echo  of  tlic  clouds,  and  the  duration 
of  this  sound  depends  upon  the  length  of  the  lightuingy  and  his  • 
position  of  the  observer  with  regard  to  its  course. 

Not  onl^  during  thonder-stonns,  but  even  during  a  dear  state 
of  the  atmo^here,  we  may,  hy  aid  of  a  good  electroscope,  shew 
the  enstenee  of  am  deotrical  tension  in  the  atmosphere. 

With  regard  to  the  origin  of  atmospherie  electricity,  we  aotnaDy 
know  nothing,  although  a  very  great  deal  has  been  written 
on  this  subject.  Some  are  of  opinion  that  the  electricity  of 
thunder-clouds  originates  in  a  rapid  condensation  of  the  atmos- 
pherie aqueous  vapour,  and,  therefore,  that  deetricity  is  a 
eonseqaenee  of  the  rapid  formation  of  dense  douds. 

J^eett  of  lightning  upon  the  eartkr—U  we  snppoee  that  a 
thunder-cloud  hovers  from  d  to  6  thousand  metrea  above  the 
sea,  or  over  a  large  lake,  and  if  we  assume  it  to  be  charged 
\*ith  positive  electricity,  it  will  act  inductively,  the  -f  electricity 
in  the  water  will  be  repelled,  and  the  —  accumulated  upon  the 
larfsce  of  the  water ;  this  accumulation  may  he  sufficiently  great 
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to  occasion  a  marked  elflftttkm  of  the  water,  bdng  able  to  form 

a  large  wave,  a  water  mountain,  as  it  were,  which  will  continue 
as  long  as  the  electrical  condition  lasts ;  this  latter,  however,  may 
terminate  in  three  diflferent  ways. 

1.  When  the  electricity  of  the  cloud  is  gradually  dissipated 
without  any  diicharge  taking  place,  the  naturally  electrical  condition 
of  the  water  will  thus  by  degrees  be  restored.  2.  Whenaflaali 
passes  between  the  thunder-douds,  or  a  flash  takes  plaee  between 
the  cloud  and  some  remote  places  on  the  earth,  consequently,  when 
the  cloud  is  suddenly  discharged,  the  electricity  accumulated 
on  the  surface  of  the  mountain  of  water,  quickly  flows  off, 
and  is  replaced  by  its  opposite  kind,  and  equilibrium  is  in  this 
manner  at  once  restored.  3.  When  the  thunder-cloud  is  near 
enough,  and  soiBciently  strongly  eharged  with  electricity,  the 
lightmng  passes  over.  This  direct  stroke  generally  oecaskma  a 
more  considerable  swelliug  up  of  the  water  than  the  back-stroke. 
Such  a  shock  cannot  take  place  without  podncing  a  mechanical 
action  upon  the  ponderable  elements. 

We  will  now  consider  the  actions  of  thunder-clouds  upon 
land. 

A  gradual  separation  and  reunion  of  the  electricity  produces 
no  viaihle  actions;  it  appears,  however,  that  such  disturbances 
of  the  dectricsl  eqfoilibrium  may  be  felt  by  organic  beings;, 
and  have  been  eiperienced  by  persons  affei^  with  ncrvoos 
disesses. 

The  back-stroke  is  slways  less  violent  than  the  direct  shock; 
and  there  is  no  evidence  extant  of  its  having  occasioned  ignition, 
although  there  is  no  lack  of  examples  showing  that  men  and 
animals  have  been  struck  dead  by  it ;  in  these  casea  the  bodies  have 
no  limbs  broken,  snd  present  no  trace  of  wounds  or  marks  of  boms. 

The  duect  stroke  prodnces  the  most  fearful  actkms;  on  tbe 
lightning  striking,  it  marks  the  spot  where  it  struck  the  gnrand 
by  one  or  more  holes  of  various  depths. 

Everything  that  is  raised  above  the  surface  is  therefore  peeu« 
liarly  exposed  to  the  stroke  of  the  lightning;  hence  it  happens 
that  animals  are  struck  down  in  the  middle  of  a  plain :  other  cir- 
cumstances being  the  same,  one  is,  however,  safer  upon  a  non-con- 
ducting than  on  a  good  conducting  sur&ce. 

Tn»  are  good  conductors,  owmg  to  the  sap  drcolating  in 
them;  when  a  tbunder-dood  passes  over,  a  strong  accomolation 
of  electricity  takes  place  in  the  tveea,  and  on  this  acconnt  we  say 
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with  justice  that  trees  attract  the  hghtning:  we  ought  never, 
tkefeforc;  to  seek  protection  during  a  Uumder-Btomi  under  trees, 
cqieeudfy  amkr  ladi  as  stand  alone^  or  even  vndar  Inuhei  standp 
img  ofMed  on  s  j^biiu  BnUdingB  are,  gouralfy  fpeddng, 
eomifucted  of  metal,  itonc,  and  wood.  Tlie  aotkm  ol  Ikn&der- 
ckmds  on  iheie  robstances  varira  with  the  difference  of  their 
nature.  When  the  lightning  strikes,  it  especially  attacks  the 
better  conductors,  whether  they  are  free  or  surrounded  by  worse 
conductoffa;  the  distcibuting  force  of  the  atmogphegic  «&eet]ieity 
seta  as  wdl  npon  the  nail  dm«B  into  tbe  wid^  at  upon  the 
fPHllieMocli  piojeeiiBg  in  the  air. 

nt  waeiflHiiea/  oefioRt  ot  Hg^rtaing  are  naoaDy  very  violent. 
When  lightning  strikes  a  room,  the  fdmiture  is  thrown  down  and 
broken,  and  metallic  substances  are  torn  out  and  hiuled  far  away. 
Trees  are  cleft  and  split  asunder  by  lightninj;,  we  are  usually  able  to 
trace  a  deep  fuiTow,  many  centimetres  in  breadth,  which  runs 
from  top  to  bottom,  the  peeled  bark  and  the  torn  splinters 
may  be  found  thrown  far  oi^  and  ire  often  observe  at  the  bottom 
of  Ike  tree  an  aperto»  tincoagh  wbi^  the  eleetarieal  flnid  passed 
nto  tlie  ground. 

The  physical  actions  of  lightning  show  a  more  or  less  conside- 
rable elevation  of  temperature.  When  lightning  strikes  a  straw 
shed,  dry  wood,  or  green  trees,  a  carbonization,  or  even  ignition  takes 
pkee ;  in  trees  there  is  seldom  any  trace  of  the  former.  Metals  are 
slMiiii^  heated,  melted,  or  volatilised  by  the  lightning.  Bcpested 
strokes  on  high  mountains  prodnoe  erident  traees  of  fiuion. 

Liffhtwrnff-tm^etrnt  eonsist  of  a  fMsmted  metaDie  rod,  projecting 
into  the  air,  and  of  a  good  conductor  connecting  the  rod  with  the 
ground.    The  following  conditions  must  be  fulfilled  where  these 
instruments  effect  the  purposes  lor  which  they  are  dea^gned: 
1.  The  rod  most  terminate  in  a  very  fine  point. 
%  The  cPMieetion  with  the  gromid  most  be  perfeet 
8.  No  interraptiott  must  oeenr  fieom  tiie  point  to  tlie  lover  part 
eondneting  rod, 

4.  All  pai'ts  of  the  apparatus  must  have  the  same  dimen- 
sions. 

When  a  thunder  cloud  hovers  over  the  lightning-conductor, 
the  combined  electricities  of  the  rod  and  the  conducting  medium 
will  be  decomposed,  the  eksetrioify  will  be  repelled,  whieh  is 
the  same  as  the  one  contained  in  the  dond,  and  diffiiae  itsdf 
fredy  in  Hbm  mAp  whilat  the  opposite  eleetricify  will  be  attracted 

o  o 


Digitized  by  Google 


562 


LIOBTNINO-CONDUCTORS. 


Uwrifdi  tlic  point,  whence  it  can  How  freely  into  the  air,  and  thu* 
an  accumulation  of  electricity  in  the  lightning  conductor  will  be 
rendered  impossible.  Whilst  the  conductor  is  tkiu  in  activity, 
and  the  oppoiite  electricitiea  paM  throng^  it  m  an  opposite 
directioHf  lie  wuf  wilhoiit  dangv  afvpieaclk,  and  crai  toQdh 
■nee  no  diadiaige  ia  to  be  Ibaied  when  thoe  ia  no  deetiical 
tanaien. 

If  we  assume  that  one  of  the  three  first  named  conditions 
is  not  fulfilled,  that  the  point  is  blunt,  the  medium  conducting 
into  the  ground  imperfect  or  interrupted,  it  is  evident  that  an 
accumulation  of  electricity  in  the  lightning-conductor  will  not 
only  be  poaaiUie^  but  even  uuKvmdaUe;  it  will  then  farm  a 
dinged  eondnetor^  in  whiA  an  immenae  maaa  ui  daetncily 
win  beaeemmikted,  from  whence  we  may  draw  stronger  or  weaker 
aparka. 

If  only  the  point  be  blunt,  the  lightning  may  strike,  but  it 
will  follow  the  conducting  medium  without  destroying  the 
building. 

If  the  eonductmg  medium  be  interruptedi  or  the 
with  the  gronnd  imperfeely  the  ligjhtning  may  likewiae  aCiiki^ 
it  win,  however,  diatrfirale  itadf  laterally  to  otiier  eondoctora, 

and  occasion  the  same  disturbances  that  would  occur  if  there 
were  no  lightninp^-conductor. 

Yet  more :  a  liprhtniner-conductor  having  this  deficiency  is 
very  daDgerous  even  where  the  lightning  does  not  strike;  for 
when  at  any  part  of  the  eondnoting  medium^  the  eleetneity  ia 
aoficiaitly  aeeamdate^  a  yak  may  atrikn  ■deway%  anderwher 
aet  file  to  any  ol^jeeta.  We  mi^  iUnatrate  tibia  by  the  ioilowing 
melancholy  incid^t.  JHchmam,  Professor  of  Tbysics  at  St. 
Petersburg,  was  suddenly  struck  dead  by  the  emission  of  a  spark 
which  escaped  from  the  lightning  conductor  attached  to  his  houses 
the  connecting  medium  of  which  he  had  interrupted  in  order  I 
to  eonmine  the  electricity  of  the  clouds.  S^kolom,  engraver  to  I 
the  Aeademy,  wkw  the  tftA  efeiike  Biekmmm  on  the  Ibte- 
bead* 

After  having  stated  what  conditions  must  be  fulfilled  in  order 
to  make  a  lightning-conductor  eflScicnt,  and  what  dangers  may 
ensue  from  the  neglect  of  these  precautions,  there  still  remains 
something  to  be  said  of  the  practical  arrangement  of  this  appa- 
fatna.  C^-Litme,  under  the  auspices  of  the  Academy  of  Scienee^ 
hasi,  at  the  aaggeetion  of  the  Minialer  cl  the  Interior^  drawn 
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uu    instructions    relative  to 
subject,  which  leave  nothing  moare  to 
be  daairad,  but  itam  whieb  we  can 
only  extract  the  moat  eaaential. 

The  rod  of  the  lightning-conductor 
is  about  9  metres  in  length ;  it  is 
composed  of  three  pieces,  namely,  an 
iron  rod  of  8,6  metres  in  length,  a 
brass  rod  of  0,6  ditto,  and  a  plathfinm 
needle  ol  0,06  kmg,  taken  togellicr 
tkey  form  a  eone  sloping  upward  in  a 
regular  line.    See  Fig.  525. 

The  ])latinum  needle  is  soldered 
to  the  brass  rod  with  silver,  and  the 
place  of  junction  snnonnded  by  a 
covering  of  copper,  aa  mi^  be  more 
ekarly  seen  in  1%.  580. 

The  brsss  rod  is  screwed  into 
the  iron  rod,  and  thence  secured 
by  means  of  transverse  pins. 

The  iron  rod  is  often  composed 
of  two  pieces  in  order  to  facilitate 
its  transperl;  one  of  these  Intens 
into  die  eliher  by  means  of  a  long 
eoniea]  ))r()jcction,  2  decimetres  in 

length,  which  is  then  secured  by  u  transverse  pin. 

In  Fig.  528  we  see  three  different  ways  in  which  the  rod  may 
be  fastened  to  buildings.  Under  the  rod,  about  8  centimetres 
from  the  roof  s  plate  ^  b*  (see  Fig.  527)  is  screwed,  in  order  to 
carry  off  the  water  6  centimetres  above  this  plate,  the  rod  must 
be  eyfindrkally  and  peffeelly  well  tmmed,  in  Ofder  that  a  large 
screw  /     Figs.  597  and  5519  may  be  placed  roond  it,  in  order 

to  attach  the  conducting  rod. 

The  conductor  is  a  quadrangular  iron  rod,  the  side  of  which 
measures  firom  15  to  20  millimetres,  and  which  is  fastened  to  the 
ring  /  /  by  means  of  screws. 

Tbe  coodncting  rod  is  earned  over  the  roof  and  down  the 
bmlding  into  the  groond.  Sveiyibing  depends  npon  bringing 
the  condacting  rod  in  as  good  a  connection  with  the  ground  as 
possible.  If  there  ha])pen  to  be  any  well  in  the  neighbourhood, 
which  does  not  become  dry,  or  if  a  hole  can  be  bored  to  the 
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depth  at  which  water  is  constantly  to  be  found,  it  is  sufficient  as 
a  means  of  conducting  the  rod,  if  we  divide  it  into  several  arms. 
In  Older  to  inemae  the  poiiite  of  contact^  the  rod  is  eondnctad 
thxoog^  windingB  to  the  wall,  or  the  bore-hde;,  wfaieh  moat  Aaa 
be  fiDed  with  diamal. 

This  affords  the  double  advantage  of  protecting  the  iron  the 
better  from  nist,  and  placing  it  in  connection  with  so  good  a 
conductor  as  the  charcoal.  If  there  be  no  water  in  the  neiffh- 
bourhoody  the  rod  muat  at  least  be  connected  with  some  damp 
qpot  fay  meana  o£  a  kmg  eaaai  iGiUed  with  charcoal.  To  effioct  a 
atiU  gveatcf  dagne  ef  aoeoi'ily  ire  wtsj  branoii  the  eondnctiiig  vod 
off  into  Mvenl  lateral  eaaak. 

A  Tope  twisted  round  wkh  copper  wire,  aa  seen  in  Fig.  530,  ia 
often  used  in  the  place  of  a  conducting  rod. 

As  we  may  easily  see  that  the  lightning  cannot  enter  a  con- 
dnctor,  constructed  according  to  these  principles,  it  will  also  m 
readily  be  underatood  that  it  cannot  atiike  within  aana  diatannr 
of  the  l^^rtiiiiigueondiii0feor«  Hie  eleetnei^  whidi  pom  eopiawfy 
from  the  point,  wffl  he  attracted  by  the  thonder  eki^  ! 
it  haa  reached  it  neutralizes  a  part  of  the  origmal  ckelrkUj 
of  this  cloud. 

If,  therefore,  a  tliunder  cloud  be  near  enough  to  the  lightning- 
conductor  to  act  inductively  on  it,  its  electrical  force  will  also  i 
be  weakened  by  the  efflux  of  the  oppoaite  eleetrieity  from  the 
point.  Hie  neartr  the  ekmd  approadwa,  the  moie  rtmi|^  wiD 
ita  indnetire  frm  aet,  hot  the  more  ako  will  it  he  nanlnlind  | 
by  the  efflux  of  the  opposite  deetricity. 
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The  efficiency  of  the  lightning-conductor  depends,  however^ 
Hkewiie  on  other  conditions.  If  other  objects  near  it  project 
beyond  it,  tlie  electricity  of  the  clouds  msy  act  nunc  strongly 
upon  ihem  than  upon  it,  and  a  discharge  thns  take  place; 

the  same  is  the  case,  when  there  are  any  considerable  masses 
of  metal,  iron  rods,  or  a  metallic  roofing  in  the  vicinity  of  the 
hghtning-Gonductor.  In  the  latter  case,  we  nmst  hring  the 
Tftf^lltff  TOtMHiffl  into  as  good  a  connection  with  the  lightning-eon- 
dnctor  as  is  possible^  in  oider  ibat  the  attraeted  dectneity  miqr 
floir  unhindered  through  the  point.  It  u,  oonsequently^  dan- 
gerous to  ittsokte  metallie  rooft  firom  the  condneton^  as  some 
practical  philosophers  have  proposed  doing.  Fortunately,  the 
means  used  to  effect  such  an  insulation  are  not  sufficient  for 
the  purpose;^  and  they  have  thus  produced  only  useless  results. 

S]qpCKience  sbows  ns,  that  a  lightning-conductor  applied  with  all 
teneeeaa  uy  precaution,  and  of  the  dimensions  indicated,  is  able 
to  protect  a  cirde  hanring  a  radins  of  shoot  20  metres. 
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Engine,  the  fire,  ILL 
 ,  the  steam,  4.'>4 

Equality  of  pressure,  principle  of  the,  M. 
Equilibrium.  aSL 

 of  force*,  liL 

,  indifferent,  SSL 

 ,  stable,  unstable,  40, 

 ,  molecular,  4»L 

  of  solids, 

  of  hea\7  fluids,  fiZj 

 of  floating  and  submerged  bodies,  condi- 
tions of  the,  fiZ. 

 of  the  force  of  tension,  4&0. 

Escapement,  143. 
Eraporatlon,  474. 

 ,  production  of  cold  by, 

Expansion,  4.U. 

 of  solid  bodies,  the  co.eflicicnt  of,  iSHL 

  of  fluids 

  of  solid  bodies,  438. 

 ,  cubic,  iilt 

 of  gases,  ML 

Extensibility,  6. 

Eyes,  compusum  of,  260. 

 ,  simple,  with  convex  lenses,  2fil. 

 ,  achromatism  of  the,  267. 

 ,  Tisioo  with  both,  'nil 

r. 

Fahrenheit's  thermometer, 

Falling  stars,  .^M. 

Farailay,  Mr.  420^  31>2,  174,  389. 

Fechner's  discovery,  Mf2. 

FJre  engine,  the,  LLiL 

Fire  balls,  &.'>A. 

Fixed  air,  blL 

Fleecy  clouds,  ft-i<). 

Floating  bodies,  GL 

Fluids  have  the  property  of  regularly  propa. 
gating  to  all  parts  the  pressure  exercised 
upon  a  portion  of  their  surface,  bA. 

 ,  equilibrium  of  heavy,  fiZ. 

 ,  pressure  of,  !nL 

 ,  magnetic,  i^rtlL 

 ,  expansiun  of,  440. 

Fly-wheel,  the  electric,  HM. 

  of  a  steam-engine,  459. 

Focal  lines,  2^ 

 distance,  244. 

Force,  centrifugal,  1^ 

  of  the  galvanic  circuit,  aurt. 

Forces,  composition  of,  liL 

 ,  paralleiogrum  of,  21. 

 ,  of  expansion  of,  JiL 

 ,  centripetal.  Ml. 

Formation  of  regular  air.waves  in  covered 
pipes,  HUL 

 of  vapour,  445 

Fourneyron,  experiences  of,  159. 

 turbines,  LfilL 

Franklin's  plate,  iUL 

Freezing  o^  water  In  a  vacuum,  4Z8. 

 of  Mercury,  4"t». 

Friction,  co-eflicient  of,  144. 

 ,  sliding,  L4fi. 

 ,  rolling,  14(L 

 ,  resistance  of,  146. 

Foslon,  442, 


O. 

Gatllat,  simplifying  turbines  of,  IM. 
Galileo,  inclined  plane  of,  3,  yo,  ya,  122,  126. 
Galileo's  telescope,  -JHh^  ~~ 
Gay  Lusaac's  areometer,  Z2. 

  barometer,  Hi. 

Galvanometer,  aiifi. 
Galvnni's  discovery,  .1*40. 
Galvanism,  MiO. 

Galvanic  circuit,  different  forms  of  the,  JI69. 

 current,  magnetic  actions  of  the,  aia, 

 circuit,  force  of  the,  HM. 

 piles,  physiological  actions  of  the,  375, 

Galvonlc  currents,  generation   of  light  and 
heat  by,  SZiL 

 ,  magnetisation  by  the,  4M 

as  a  moving  force,  applica- 


tion of  the,  410. 


on  each  other,  reciprocal 


action  of,  415. 
Gases,  MIL 

 ,  measurement  of  the  pressure  of,  LU. 

 ,  absorption  of,  by  liquids,  llfi. 

 ,  motion  of,  Ifiti. 

 ,  the  laws  of  the  flow  of,  IZL 

 ,  pressure  of  gases  In  the  flowing  out,  IZa. 

 ,  expansion  of,  441. 

  for  conducting  heat,  capacity  of  liquids 

and,  41*2. 
Gaseous  bodies,  88. 
Gasometer,  l<kL 
Graduated,  areometer  the.  ZL 
Gravity,  l£L 

 ,  centre  of,  35, 

 of  lloulds,  the  specific,  ZIL 

General  fdfa  of  physics,  L 

Generation  of  light  and  heat  by  galvanic  cur. 

rents,  37;>. 

Grimaldl  and  Rlccioll,  experimenU  of,  LM. 
Grotthuss'  discovery,  aZiL 
Grove's  battery,  374,  m. 

H. 

Hail  and  snow,  hM* 

Hall-storm,  545. 

Halr  hygromfter,  SaL 

Hail's  achromatic  telescopes.  2&6. 

Halos  and  parhelia, 

Hare's  culorimotor,  .i7l. 

ii'^l.^ol?"'*'  currents,  generaUon  of 
light,  37a. 

 ,  of,  434. 

 ,  latent,  444,  44Z- 

 1  means  of  comparing  quantiUes  of,  4H0. 

results  of  the  experiments  on  specific, 

 ,  existence  of  radiating,  482. 

 ,  absorption  of  rays  of,  4flZ. 

 ,  capacity  of  bodies  to  radiate,  4HjL 

 ,  theoretical  views  concerning,  4iwj 

 "urface.  distribution  of, 

 ,  Zugenhonss's  apparatus  for,  421, 

— — ,  rellecUon  and  dtfflision  of  the  rays  of. 

HBO. 

—^  capacity  of  bodies  to  trsnsmit  rays  of, 
  by  conductors,  distribution  of.  491. 

—uctM.°' ^  ^-«>- 
— ^by  chemical  combioaUons,  generation  of, 

 animal,  494. 

-^by  mechanical  means,  development  of. 

Hearing,  the  organ  of,  2Ut. 
Height  of  the  barometer,  lii 
Henley's  discharging  rod,  afiZ. 
Hero's  ball,  UlL 
  fountain,  1 14. 
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Hov-fyoct.  &87. 
Homogeneotu  trtaufie,  S& 

Horixontal  water- wheels,  15l>. 

Humboldt's  dene ript Ion  of  tbe  raiDy  MMOU, 

HuTcrhen't  theory  ofundalaUoa, 
Hydraulic  prcu,  the,  b^L 
Hydrottatics,  SlL 
  balance,  the,  QiL 

Hy(rro«coplc  bo<He«,  Llfl^ 
Hygromcten,     1 . 
 of  Daniel.  " 


Ignis  fktuos,  hill. 

Imagea  produced  by  concare  mlrrora,  23L 

 by  ienMs.  2^ 

 ,  Coloured  •ecomlary, 

Impediments  to  motion,  144. 
Inclined  plane,  the, 
Inclination  of  magiieta,  314, 

 of  magnetic  needles,  317. 

 ,  Tarlatlona  of,  M'J, 

Induction  currents.  i2SL 

  of  electric  currenU  by  magnets,  4H&. 

Inertia,  ^ 

Influence  of  light  on  chemical  c«>mbinatlons 

and  on  decompositions, 
Influence  of  conducting  tubes,  IAS* 
Insulated  pile,  the, 
Intensity  of  tone,  192. 

  of  liKht  diminlflbcs   lorerscly   as  the 

square  of  the  distHiice,  22<'i. 

  of  terrestrial  magnetism.  320,  SH. 

Interference  of  rays  of  light,  2112. 

Iron  becomes  magnetic  under  the  influence  of 

a  magnet,  IML 
 ,  iiidueuLe  of  terrestrial  magnetism  upon* 

Isochlmenal  lines,  fil2. 
Isothermal  lines.  HiiL 

causes  of  the  currature  of  the,  5 Li. 


Jar,  the  Leyden, 


KobelPs  discovery.  S88. 
Kryophorus  of  Wollaston, 


1.4unp,  DOberelner*s,  UZ^ 
Lantern,  the  magic,  282L 
I^ynx,  1M3. 
Latent  heat,  44^ 

 of  vapours,  474. 

Lateral  pressure  of  gases  in  the  flowing  out, 

Laws  of  Ohm, 

  of  Marriotte,  IQQ. 

 of  the  oBcillution  of  the  pendulum,  135. 

 of  the  chunge  of  winds.  521, 

  of  the  flow  of  gases,  1/1. 

 of  the  vibrations  of  blades  and  rods,  2QS> 

 ,  the  electrolytic.  3fiL 

Lenses,  convex,  simple  eyes  with,  2^ 
 ,  magnifying  the,  27 


-,  rt'frnction  of  light  by,  2iiiL 

  Meiiiscus's,  'JAiL 

Length  of  a  wave,  the,  181. 

Leslie's  differential  thermometer,  41^ 

Lever,  the,  '2!L 

Leyden  jar,  the.  361. 

Light,  of,  2HL 

 ,  Intensity  of.  diminishes,  ZZfli 

 ,  reflection  of.  '£IA, 

 ,  white,  24iL 

  ,  recomposition  of. 

 .  electric,  in  the  nir,  and  in  other  gases 

under  the  pressure  uf  atmosphere,  3^. 


Light,  duration  of  the  Impression  uf,  2Z!L 

 .  interference  of  rays  of,  222* 

 ,  refranglbility  of.  2S*a 

 ,  white,  (with  a  coloured  pl«t«}.  2fi> 

 ,  polarization  of, 

 ,  influence  uf,  on  chemical  combinaltoas 

and  on  composition,  Si^L 

 in  rarefied  air.  electric,  2^ 

 and  heat  by  galranlc  currents.  genera> 

tion  of,  3ZiL 
Lightning  conductors,  356.  661. 

  Plate,  a.  ii^lL 

 upon  the  earth,  actions  of,  569. 

LlmlU  of  visibility, 
Unear.wavea,  247. 
Lines,  isothermal,  .'>Q9. 

 ,  isochimenai,  ■'>  1 2. 

Liquids,  equilibrium, 

 ,  specldc  gravity  of,  Zfl, 

 ,  elasticity  of,  t<iL 

,  compressibility  of, 

 ,  absorption  of  gases  by.  L  lA. 

 .  in  motion,  lateral  pressure  of,  IS.S. 

— ,  reaction  created,  by  the  efflux  of,  lOL 
 ,  and  gases  for  conducting  heat,  capacity 

of,  4^ 
Locnmoiiw,  the,  46«j. 
Long-sightednesa.  2^6. 
Luminous  point,  mUL 


Machines  of  rotation,  magneto-elcrtric,  fll 

 ,  water.columo,  161. 

 ,  the  electrifying,  2JiL 

 .  the  Bteam-eleclrifpng,  i43. 

Magdeburg  hemispheres,  U^J. 
Magic  disc,  2Zii. 

  lantern,  the.  2?<3. 

Magnet,  Influence  of  a.  '.¥)9. 

— >,  declination,  incliuatioo,  814. 

  and  currenU,  rotation  of  moveable. 

Magnets,  Induction  of  electric  currents  by,  423 
Magn*lic  poles,  307. 
  fluids,  3!JSL 

—  actions  of  the  galTanic  current,  SKL 
  armatures,  31 1. 

— —  north  pole  and  sooth  pole,  316. 

—  meridian,  the,  .HIS 

—  neetilc.i,  inclination  of  the,  817. 

—  equator,  M'J.   

  force,  liiminutlon  of,  by  distance,  Stt  ' 

Magnetism,  intensity  of  terrestrial.  2SSL 
Magnetisation  of  steel  needles  and  bars,  Hll. 

  by  the  galvanic  current,  40tt. 

Magneto-electric,  420. 

  machines  ol  rotation,  426. 

Miu'iiifying  lens,  the,  2ZJL 
Mttiiouieters,  1 14.  170. 
Marlotte's  laws,  IM. 
Mass, 

Material  pendulum.  lifL 

Measurement  of  atmospheric  pressure.  iBL 

  of  height  by  the  barometer,  of  the,  102. 

— -  of  the  pressure  uf  gases,  of  the,  1 1 4. 
Mechaiilcul  uctious,  the,  ^31. 
Melszner's  areometer,  TMs. 
Melloni's  thermomultipUcator, 
Meniscus  lenses,  'HiL 
Mephltic  air,  biL 
Mercury,  of,  tSL 

 ,  freesing  of,  479. 

Metals,  coDducUbillty  of,  406. 
Meteoric  stones. 
Bleteorology, 
Method.  2. 

  of  mixtures,  the,  4^1. 

Microscope,  of  the  simple,  27 i). 

 ,  the  solar,  '^h 

 ,  the  compound.  2^3. 

Middlcshot  wheel,  the,  159, 
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Mfrror*.  reflection  from  carred, 

 ,  concave,  '2M 

 ,  of  coiicMve  •pherlcal, 

 ,  linagtr*  produced  by  coocave,  231. 

Mist  mad  cloud*.  5^. 
Notature,  of  mtmospberfc.  fiSQ. 

 ,  degrees  of,  5^2. 

 ,  of  the  air  in  rarloua  diitricts,  UB. 

Molecular  force*,  M. 

  equilibrium,  4iL 

Mooocbord,  an  Instmmenl, 
MonaooiM  and  tnule-wiitda, 
Mutton  and  rest,  lll>. 

,  uniform,  the,  1  lU 

 ,  the  accelerated  and  retarded,  119. 

■   ,  central,  1  'Ji), 
— ,  quantity  of,  122* 

 ,  impedimenu  to,  1£ 

 ,  of  fraaes.  1-14. 

,  of  vibratory,  l/fi. 

  occB«ioned  by  electrical  rt'SCttoo,  868. 

  produced  by  tbe  discharge  of  dectricUy, 

Mooat  d*Or,  ttL 

  Ktna.  9Z. 

—  I^ebanoo,  9L» 

MoTcablc  current*  and  magnets,  rotation  of. 

Moiler  (J.)  moeaic  compoaoa  eyea,  260. 
MalUpte  echoea.  liM. 
Multiplicator,  the. 
Mnncbow.  2:>S 

MuBcbenbrock,  experiotenta  of,  ^ 
Mualcai  notes.  2M. 
Myopia,  -JtkL 

If. 

Natural  coloora  of  bodies,  2^ 
Needles.  iocUnation  and  declination  of  mag- 
netic, fll7. 

Nrsselgrabe.  irater-column  machiaes,  163. 

Newton's  industry,  \^  2^  'Js^ 

Nirbolson's  areometer,  (JIL 

Nichol»on  and  Carlisle's  discovery,  877. 

NIepce'a  discovery,  'M>'). 

Nitric  acid,  uble  of. 

Noblie*s  Multiplicator,  a2tL 

O. 

Oersted,  experiments  of,  SB^ 
Ohm's  law,  ML 
Giber's  calculation,  2&L 

Ombrometers.  «»4l. 
Open  pipe*,  the,  21>2« 
Optical  axes,  .ilia. 
Optometers.  'JM. 
Organ-pipes,  2^ 
Organs  of  speech,  the,  213* 

  of  hearing,  the,  2J&, 

Origin  nf  the  winds,  &22. 
Oscillations.  LM. 

 in  the  barometer,  causes  of  the,  .^•J0. 

—  of  the  pendulum,  laws  of  the,  l.t-'». 
Otto  Von  Ooericke's  Inrentlon,  liH.  a;i2. 

9. 

Papin*s  digestor,  473. 
Parallelogram  of  forces,  2JL 
Parhelia  and  haios,  hh2. 
Pendulum,  of  the,  IM, 

 ,  laws  of  the  oscillations  of  the,  la&t 

 ,  the  material.  No. 

  of  a  clock,  the,  14:.'. 

Phenakistl*cu|>e.  2ZiL 
Photography,  iMi^ 
Phyiical  actions  of  lighUilug,  Ml 
Physiological  t  ulour»,  'J7h. 
Physics,  what  is  tuulerstood  by,  2. 
Ptcard's  discovery,  2^ 


Pile,  construction  of  the  voltaic,  3»t4. 

  of  Zaiiiboni,  3''  1 . 

 ,  the  Insulated. 

 ,  the  closed,  M7. 

 ,  the  dry,  MT. 

 ,  properties  of  the  dry.  3<jH. 

 ,  chemical  actions  ut  the  voltaic,  376. 

 ,  thermo-electric, 

Pipes,  organ.  2ill. 

 ,  open.  'JiHL 

Pistol,  the  electric,  SSt 
Plane,  Inclined,  22. 

 ,  Galile<j*s  inclined.  122. 

  of  intidence,  the, 

Polarization  of  light.  'JlBL 
Poles,  uiaguetic,  mT. 

  repel  each  other,  and  contrary  poles 

attract  each  other, 
Poncelet's  wheel.  l.S». 
Porosity.  !L 
PorU's  invention,  Z& 
Power  of  tension,  JIL 
Presbyopia, 

Pressure,  principle  of  the  eqaality  of,  4^ 

 of  Quids,  M. 

 of  air,  22. 

— ,  measurement  of  atmospheric.  93. 

,  table  uf  the  amount  of  atmospheric.  'JC. 

  of  gases,  measurement  of  the,  ILL 

  of  liquids  in  motion,  lateral,  Ihh^ 

 of  gases  in  the  flowing  oot,  173. 

 of  the  atmosphere  and  of  the  winds.  Hi. 

Prism,  a,  24tL 

Prisms,  refraction  of  light  in,  237. 

 ,  achromatic,  25fi* 

Projectiles,  L2Si. 
Psychrometer,  534. 
Pnlley,  the,  26. 
Pnmps,  the  suction  of,  OZ- 

 •  ,  and  fordog  of  the, 

 ,  of  the  air,  Uii. 

 ,  condensing,  the,  IISL 

Pupil,  2SL 

Q. 

Quality  of  tone, 
Quantity  of  motion,  IHZ 
 of  rain,  641. 

R. 

Radiate  heat,  capacity  of  bodies  to,  4M. 

Radiating  heat,  existence  of, 
Bain,  quantity  of,  541. 

  g:iuy;e»,  hAL 

  bf  iwet-n  the  tropics,  HZm 

Rainbow,  the,  hM. 
Rapidity  of  sounds,  1^ 
Bays  of  heat,  reflection  and  diffusion  of  the, 
486. 

 ,  capacity  of  bodies  to  transmit, 

489. 

— —  ,  absorption  of,  4^7. 

 of  Ugbl,  interference  of,  222. 

Reaomur's  thermometer,  4H7. 
Reed-pipes. 

KeCecting  telescope,  ^4. 
Reflection*  of  light,  224- 

  of  angles,   

 from  curved  mirrors,  227. 

Befriurtlng  angle,  23L 

  telescopes,  2.^4 . 

Refraction.  2^^ 

•  ,  angle  of.  2M, 

'        of  light  in  prisms,  237. 

  by  lens,  2.'i*J. 

 ,  double,  30.1. 

RefrangibiUty  of  light,  222. 
Hegnaull'B  Investigations  on  heat,  4£f2. 
Reichenbach's  water-column.  Ifil'- 
Relatlon  between  the  pen-entiou  of  the  cyt 
and  the  eitemal  worid,  268. 
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Resistance  of  ftietlon,  the,  ftL 

Rest  and  motion,  11^ 

Retarded  and  accelerated  moUoo,  the,  L2Q> 

 uniformly,  12L 

Retina. 

Riecioli  and  Grimaldl,  experiments  of,  Vt&A 
Ring  colour*,  (with  a  coloured  plate)  2SL 
Rolling  friction,  LML 
Rumford's  differential  thermometer, 


Safety  tubes,  the,  lU^ 
Satiable  bases.  38& 
Salts,  decomposition  of,  3S(L 
Saussure's  hair-hygrometer,  53L 

Scale  of  tension,  363. 

Schelner's  experiments, 

Scbweigger's  multiplicatur,  S95. 

Scoresby's  obsenratlons  on  snow,  544. 

Screw,  the.  2^ 

Secondary  axes,  24tL 

Secular  variations,  220. 

Segner's  water-wheel,  160. 

Sensibility  of  the  balance  increases  with  the 

length  of  the  beam,  the,  iA. 
Shadows  and  half  shadows,  22^L 

  coloured,  277. 

Short-sightedness,  2fkL 

Simple  eyes  with  convex  lenses,  2&L 

— —  microscopes,  2Z1L 

Sky,  colour  of  the,  547. 

Sliding  friction,  \ML 

Snow  and  hail,  544. 

Solar  microscope,  the,  2liL 

Solidification,  44^ 

Sound  of  tone,  the,  li£L 

 ,  Telocity  of,  liii 

 ,  rapidity  of,  Lil2. 

 ,  reflection  of,  LiiiL 

Specific  gravity  of  liquids,  Zfl 

 of  some  solid  bodies,  Uble  of,  /  8. 

Spectrum,  2&L 
Speech,  organs  of,  21^ 
Statics,  liL 

Steam,  the,  electrifying  machine,  342. 
 engine,  the, 

Steel  reslsU  the  magnetizing  Influence,  310v 

  needles,  magnetization  of,  ^IL 

Stones,  meteoric, 

Storms,  b2SL 

Strength,  42^ 

Strings,  vibrations  of,  206. 

Sturm's  experiments, 

Subjective  colours.  275. 

Suction,  the,  of  the  pumps,  IJZ. 

 and  forcing  of  pumps,  'JiL 

Sulphuric  acid,  table  of  dilute,  SQ^ 
Suspension,  43. 
Sypnon  barometer, 

 ,  the,  iSL 

,  common,  1£L 

T. 

Table  of  the  specific  weight  of  some  solid 
bodies, 

 of  density  of  liquids,  SSL 

 of  the  amount  of  atmospheric  pressure, 

9S, 

Tangent  compass,  the,  39Z. 

Tangential  forces,  LliL 
Telegraph,  the  electric.  412x 
Telescoufs.  of  Hell's,  DoUond's,  25lL 

 reflecting  and  refracting,  'JM. 

  terrestrial,  l&il. 

Temperature  In  the  upper  regions  of  the 
air,  decrease  of,  518. 

 ,  diurnal  variations  of, 

  of  the  ground,  517, 

 ,  of  the  months,  and  of  the  year,  mean, 


Temperature  of  forty-three   pUces,  mean, 

bOf. 

Tension  of  the  vapour  of  water,  estimate  of 

the  force  of,  450. 
 ,  scale  of.  3^3,^ 

 of  vapours,  maximum  of  the  force  of. 

Terrestrial  magnetism,  direction  of  currents 

by  the  Influence  of,  ilA^ 

Thayer's  discovery,  ikJi. 

Theory  of  constant  circuits,  200. 

  of  conUct  esUblished  by  Volta,  SOL. 

Thermo-electric  currenu,  and  animal  elec- 
tricity. ^ 

 piles,  4aiL 

Thermo-multlpllcator  of  Mellonl,  48!L 

Thermometer,  the,  4^ 

 ,  Reaumur's,  4^I(L 

 ,  Fahrenheit's,  437. 

 .  Celsius', 

 ,  differential,   Rumford's,  LesUe's,  4S4k 

 ,  observation  on  the.  502. 

Trough  apparatus,  the,  'Mi'J. 
Thunder-storm,  electricity  during  a,  iSiSm 
"Time,  of  an  oscillation,  IM. 
Tolbot's  method,  aOS. 
Tones,  lUL  \^ 

  of  stretched  strings,  20fi^ 

Torricellian  experiments,  71,  iM, 

 ,  vacuum  of  the,  94. 

 ,  theorem,  149. 

Trade-winds  and  monsoons,  £2!L 
Translucent  bodies,  220 

Transmission  of  sound  through  the  atmos- 
phere, LBZ< 
 of  vibrations  of  sounds,  2LL 

Transparent  bodies,  TSL 

Turbines,  IfilL 

Tubes,  of  the  capillary,  RL 

 safety,  the,  ULL 

 ,  Influence  of  conducting,  153. 

Tunica  sclerotica,  2&L. 
Tympanum,  cavity  of  the,  216. 

U. 

Udometers,  &41. 

Undulatory  lheor>',  '2B!L 
Uniform  motion,  the,  LIS. 
Uniformly  accelerated,  12L 
  retarded,  2L 

V. 

Vapottrs,  latent  heat  of,  475^ 

  In  the  air,  distribution  of,  hSiL 

Vapour,  formation  of,  44ti 

 ,  maximum  of  the  force  of  tension  of, 

44H. 

 of  water,   estimate    of  the   force  of 

tension  of  the.  4iL 
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 ,  secular,  320. 

Velocity  of  efflux.  IML 

 of  sound,  li^ 

Vertical  water-wheels,  156 

,  under  shot,  157. 

  ,  over  shot,  ILiL 

 ,  middle  shot,  lilL 

Vessels,  communicating. 
Vibration,  theory  of,  '^HL 
Vibrations  of  different  strings. 

 of  sound  between  solid,  fluid,  and  aeriform 

bodies,  21_L 
Vibratory  motion,  LZid. 
Vision  with  both  eyes,  2Z0. 
Visibility,  llmlu  of,  227. 
Volta*8  theory  of  contact,  3flL 

  experiments,  IVi*),  .^-tfi. 

Voltaic  pile,  construction  of  the, 

 ,  chemical  actions  of  the,  878. 
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Volkinann's  experiments,  21itL 
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